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Letter of Transmittal

In compliance with the provisions of the Act of Much 3, 1915, as
amende~ which ~tabliahed the National Advisory (lmunittee for
Aeronautics, I transmit herewith the Forty-fourth and Final &mual
Report of the Committee for the Fiscal Year 1958. This report
covers the activities of the Committm through the close of business

September 30, 1958, when it was superseded by the National Aero-
nautics and Space Administration.

The National Advisory Committee for Aeronautics is to be com-
mended for its many contributions to the progress of aeronautical
science in the United Stats and for the spirit of teamwork in aero-
nautics it has inspired among leaders in science, the military and
industry. I wish also to acknowledge at this time the excellant work
and dedimtion of the Committee’s research staff who, over they-
have given unstintingly of their talents in a manner which reilxta
credit upon them and all other civil service personnel of the United

states
Dwmmr D. EISENHOWER.

THE WHITE Homm,

&ntIL 27,1959.
v





Letter of Submittal

?wr!ro2wL ADVISORY coEQuTrEEFOR bONAUTKX3,

w ~mcnv> D.C., &@ember $0, 1$?58.

Ihmlz MR. Pmlsmmrr:
In compliance with the act of Congress approved March 8,1915, as

amended (U.S.C. title 50, sec. 151), I submit harewith the Forty-
#ourth Annual Report of the National Advisory Committee for
Aeronautics for 1958.

At the close of business on this data the National Advisory Commit-
tea for Aeronautics goes out of existence. Under the terms of the
National Aeronautics and Space Act of 1958, the property, facilities+
and personnel (other than the members of the Committee) are ab-
sorbed in the establidment of the new National Aeronautics and
Spaca Adminktm tion. ThiE iSj therefore, the concluding AUXld

Report of the National Advisory Committee for Aeronautics.
Ikspectfully submitted.

Jnnw EL Doormrr.JJ,
Otirnlum

‘l!lIE PmWllWr,
The Wh&%Eowe, Wdingtq D.(Y.
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FORTY-FOURTH ANNUAL REPORT

National Advisory Committee for Aeronautics

WASHINGTON, D.C., J%ptemb 30, 1968.
TO the 0071(JT@8 of the United &Wea:

In accordanm with act of Congress, approved
Mmch 3, 1915, as amended (U.S.C., title 50, .sw 151),
which establishedthe National Advisory Committee for
Aeronautics, the CommittW submits its Forty-fourth
Annual Report for the fiscal year 1958. This is the
Committe8’s final report to the Congress.

The National Aeronautics and Space Act of 1958
(Public Law 85+68) providw in section 301 that the
NACA “shall cease to exist” and “all functiom+ pow-
ers, duties, and oblib@.ions, and all real and personal
property, personnel (other than members of the Com-
mittee), funds, and records” of the NACA shall be
transferred to the National Aeronautics and Space Ad-
ministration. The aforesaid act provides that “this
section shall take effect 90 days after the date of the
enactment of this act, or on any earlier date on which
the Administrator shall determinq and announce by
proclamation published in the Federal Register, that
the Administration has been organized and is prepared
tQ discharge the duties and exercise the powem con-
ferred upon it by this acti” The Administrator, Hon.
T. Keith Glennaq has advised the Canmittee of his
intention to issue such proclamation, effective October
1, 1~68.

During the 43 years that the NACA was charbd
with responsibility to “supervise and direct the scien-
tific study of the problems of flight with a view to
their practical solution;’ its great stre.ugth,as reflected
in the advance-s in aeronautics resulting from its re-
semches, has been the high caliber of its scientisk+en-

ginee~ and supporting personnel. The gratitude of
the entire Nation is due these public servants.

There is another reason-subordinate only to that
cited above-why the NACA was so succesdul in ac-
complishing the tec,h.nologiml progress in aeronautics
that enabled the United States to achieve and maint-
ain superiority in the air. This was the support the
Congress gave over the years, appropriating funds for
construction of highly specialized laboratory facilities.
These were provided for the study of new problems
posed by the steady increases in aircraft performance
that earlier work had made possible. .

On following pages, there appear brief accounts of
the history of the NAC& covering the iirst 40 years
by Dr. J. C. Hunsaker, my predecessor as Chairman,
and summarizing activities of the past 3 years, by the
undersigne&

The extent of our penetration into space in the next
few years will depend in large measure upon how ef-
fectively we use lmowledge in hand, and upon how hard
we work to reach the distant performanm goals mt
for instrumented and man-carrying spacecraft. I
know I can speak with confidence and without reser-
vation on behalf of the 8,000 dedicated people of the
NACA, who will serve as the nucleus of the National
Aeronautics and Space Administration. They will
continue to merit the contldenq and the suppor~ of
the Presiden< the Congrcs+ and the people of the
United States as they perform their new and tre-
mendously important work.

J. H. DOOMIZX?3,
Ohdrman.
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Part I—TECHNIU.L ACTIW’TIES

THE NACA-WHAT IT ISAND HOW IT OPERATES

During the 48 years tice the Congress founded it as
an independent Federal agency, the National Advisog
Committee for Aeronautics has sought to a.xwsathe
current stage of development of aircrafi both civil and
military; to anticipate the re9earch needs of a8ronan-
tia; to build the scientific staff and unique research
facilities required for thesa research needs; and to ac-
quire the needed new lmowledge as rapidly as the
national intmest requirw.

By discharging its primary nxponsibilitg-scientific
laboratory research in aeronautics-the NACA serves
the needs of all department of the Government. The
President appoints the 17 unpaid members of the Com-
mitt~ who report directly to him They establkh
policy and plan the research to be carried out by tie
7,900 scientists, engimmm,and other persons -whomake
up the staff of the agency.

The NACA research programs have both the all-
inclusivej long-rsmge objective of acquiring new scien-
tific knowledge es.wntialto assureUnited States leader-
ship in aeronautics and space and the immedi~ goal of
solving, as quickly as possibl~ the most pressing prob-
lems. h this way, they effectively support the Nation’s
current aircraft and missile construction program.

Most of the problems to be studied are assigned to
the NACA% research centers. The Langley Aeronau-
tical Laboratory in Viiginia work on structural, gen-
eral aerodynamic, and hydrodynamic probkmm The
Ames Aeronautical Laboratory in CaJi.fornia concen-
trates on high-speed aerodynamics. The Lewis Flight
Propulsion Laboratory in Ohio is a canter for power-
plant studies. At the High-Speed Flight Station in
California special fully instrumented resmrch aircraft
probe transonic and supemonic problems in flight, The
Pilotless Aircraft Research Station at Wallops IsIand,
Vs., is a branch of the Langley Laboratory where
rocket-powered free-fight models are used to attack
aerodynamic problems in the transoni~ supersonic, and
hypersonic speed ranges.

A major task of the NACA since its beginning in
1915 haa been coordinating aeronautical research in the
Unitd Stink. Through the members of the Commk
tee and ita 2’7technical subcommitte-ea,the NACA links
the militmg and civil government agencies concarned
with flight. The aviation industry, allied indnstri~
and scientific institutions are also represented.

heisting the Committea indetermining and coordi-
nating research programs are 4 major and 23 subordi-
nate technical committees with a total membership of
nearly 500. Menib+m are chosen because of technical
ability, experience, and recognized leadership in a
special field. They also serve without pay, in a per-
sonal and professional capacity. They furnish valu-
able amistance in considering problems related to their
technological fields, retiew research in progress at
NACA laboratories and in other mtablislunents, rec-
ommend new resmmchto be undertaken, and assist in
coordinating research programs.

Members of the technical committees and subcom-
mittees and of the Industry Consulting Committee are
listed in Part II of this repor& beghning on page 83.

Research coordination is also accomplished through
frequent discu.miensby NACA scientistswith the staffi
of research organizations of the aircraft industry, edu-
cational and scientic institutions, and other aeronau-
tical and spare agencies. Through a west coast office
the NACA maintains close liaison with aeronautical re-
search and engineering staffs in that important avia-
tion area.

The iirst report of aeronautical research published by
the NACA covered a study conducted at the MaRw-
chusetts Institute of Technology nuder a research cOn-
tracti Throughout its exiskm~ NACAhae utilized this
means of obtaiuing the benefits of the special talents,
unique facilities+ and fresh points-of-view of scientists
outside its own laboratmiea. The resulting ind~
pendent thought and novel attach upon remarch prob-
lems are a continuing stimulus to NACA scienti
They produce valuable data and theoretical analyx to
complement intmnal NACA resarch. I?M@wo re-
ports of sponsored research were published during the
&ml year 1958. During this period the following in-
stitutions participated in the program:

Polytechnic Institute of Brooklp
California Institute of Technology
University of California
Georgia Institute of Technology
University of Illinois
Iowa State College
Jobne Hopkins UniversiQ
Lightmi.ng & Transients Research Institute
University of Maryland

1
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Massachusettshs&ute of Technology
University of 3&higan
university of MiilmsOta
New York University
Ohio S@t8 University
Rensdaer Polytechnic Institute
southwest Research hstituta
stanford university
Syracuse UirivOrsi@
University of Washin@On -

ADVISORY co MMl!!XEE FOR AERONAUTICS

ports are not’ clasdied for military security reasons
and are available to the public in general. Translations
of important foreign research reports appear as Tech-
nical Memorandums. The NACA also prepures re-
search reports containing classified information. For
reascm of national security, these receive carefully con-
trolled circulation. When such information can be de-
cla.wiiied,the research reports may be given wida dis-
tribution. Current NACA publications are rm.nouncecl

Proposals from such ‘institutions am carefdly in the NACA Research Ab~racts.

weighed to assure best use of the limited funds avail- Every year the NACA hokls a number of technicnl

able to the NACA for sponsoring rwearch outside its conferences with representatives of the aviation in-

own facilities. Published research reports of the W- dustry, the universities; and the military services pres-

ful results of this part of the NACA ~rogram are d.is- ent. Attendance at these conferences is restricted
tributed as widely as other NACA publications. because classi.ibd materkd is presented and the subject

Most of NACA’S research information is distributed mattar diwussed at each conference is focused on a
by means of its publications. Technical Notes and Re- speciiic field of interest.

.
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Forty Years of Aeronautical Research

By J. C. Hurwmm
C~ NationalAdvisory Committee for Aeronautics*

Reg~ Smihonian Institution

FROM THE SMITHSONIAN REPORT
FOR 1956

Ilofore the Wrights’ airplane flew, all the elements
of the airpkme were known: -wings, rudders, engin~
rmd propellar. The Wrights showed ho-iv to combine
a man’s senses and reflexes with the cuntrols of a fly-
ing machine to make the machine both controllable
about its attitude of equilibrium ahd steerable as de-
sired. The secret of fight was manual contro~ in a
three-dimensional fluid mediu.q in accordance with
visual signals (the pilot’s view of the ground and
observation of his attitude relative to it-fied axes
of references), and monitored by v-imal observation of
the ~onse to his control actions (feedback). The
Wrights’ airplane was, however, like the Wrights’ bi-
cycles, inherently unstable und was controllable only
when it had mdlicient forward speed. Controlled by
the sight, bra~ nerves, and muscles of m% the
Wrights’ unstable vehicle was the first practical flying
machine in the history of the world!

The Wright airplane was quick to respond to con-
trol action because it had no righting tendency if
disturbed. The pilot was qxcted to act at once to
recover from any disturbance of equilibrium There
was no fixed tail to push it into a safe glide if the en-
gine stopped.

The early pioneers of flight worked with gliders and
with self-propelled models. They strove for i.nbrent
stability and conceived the ideal h be an inherently
stable flying platform on which the pilot need do no
more than steer. P6naud’s model gliders of the 1870’s,
with long tails, were stable; Lanchestar developed
prior to 1908 a tlmcn-yof dymunical stability for his
model “aerodromes”; Lrmgley flew stable steam-
powered models in 1896, and Bryan in 1903 published
the dynwnicil equations of motion for a glider, and
criteria for inherent stability. In all cases, stability
was found to require a tail and slightly elevatd wing-
tips,

●Dlcctedannuallyandservedas chnkmnn,1941456.

k might be expected horn complete and constant
dependence on one man’s sometimes defective judg-
ments and reactions, the Wright airphme could be
triclq and even dangero~ especially in rough air.
Furthermore the gasoline enginw of the day were
notoriously unreliable. & a result of what later came
to be lmown as the X Wright airplanes too often
dived into the g-mud out of control. The pressblamed
it on an %r pocket” or ‘hole in the air.”

European airplane builders were prompt to copy the
Wright’s system of control but soon hovered the
dangers of instability. They abandoned the Wright’s
form of structure but retained their .@.em of controIs
on airplanes shaped more like successful gliders.

The world was astonished in 1909 when Louis Bleriot
flew across the English Chanrmlin his little monoplan~
It had a long tail, tractor propaller, and wheel landing
gear. It was, in fac$ the prototype of the airplanes of
the next 20 year-s.

After 1910, with the mounting tension of approach-
ing war, aeronautical development in Britain, France,
Germany, Austria, Russi~ and Italy was intensively
pushed. Scientists, engineers, and industrialists were
encouraged by their govermnents to devote their skills
and resources to the new art. European progress was
rapid; .fid at times spectacular.

While development of the airplane in the United
States was dependent largely upon the efforts of a host
of amateur inventcms, there was in Europe a quick
recognition of the gains to be had from aeronautical
laboratories staffed by competent engineers.

The French were among the &sit to utilize scientific
tdniques in aeronuatics. The army’s aeronautical
laboratory at Chahis-Meudon and Gustav EifEel’spri-
vate wind tunnel clarified some of the principles of
powered flighk As early as 1904 Riabouchiniki had an
aeronautical laboratory in Koutchino, Russia, and the
same year Ludwig Prandtl began his classic aerody-

3
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namio research at GWingen University, Germany.
Mter 1908, German aeronautical work was rapidly ~-
paudet$ first at G6ttingen aud later at the government
establishment at Adlersho~ near Berlin. Italy pr-
tided an aerodynamic laboratory for her Spe&dist
Brigade of Engineers.

Great Britain was relatively lata in undmtaking a
natiomil program of aeronautical remarck However,
Great Britain could record a fall century of experi-
ment. In the iirst half of the ninetmnth century, Sir
George Cayley had made important cm.tributions, md
Str@#ellow md HenSon had succeedd as early as
1848, in flying a steam-powered monoplane model a
distance of MO fe& In 1866 the Aeronautical Socie@
of Great Britain vvas formed; it served to stimulate
research and experhnaut by individx and to provide
a forum for intarch.ange of information. Wenham
(the Society’s first president) amd Phillips vvere the
&sttodeviseandusewindtunn&

After the public demonsbation of practical human
flight by Wtiur Wright on his 1908 visit to France
and Bleriot’s 1909 cross-channel fight the British
Prime Minister was moved to appoint an Advisory
Committee for Aeronautics with the great physicist
Lord Rayleigh as chairman.

During the same period the United States made no
special effort. The Army Signal Corps bought a few
airplanes to train pilots and the Navy set up a flying
school equipped with Qlm.n Curt& seaplanes. When
World War I erupted in 1914 it was reported that
FrancQhad 1,400 airplanes+Germany 1,000,Russia 800,
Great Britain, 400, and the United Statw281

DFLIX’EIFOR A NATIONAL ILKSO13ATORY

The backward position of the United States in the
application of applied scienca to this new art was
realized by a growing list of prominent Anericms vvho
believed the situation w-asnot only a national_
but a pcssible danger to our securi~. More &neri-
cxms, including the leaders in Congms+ were strong
for neutrality, and felt that any special government
concern with aerm.antical developmmt might imply
belligerent intentions.

Capt. W. I. Chain@ USN, officer-in-charge of
naval-aviation experimen@ proposed in 1911 that a
national aeronautical remarch laboratmy be set up
under the Smithsonian lhstitution. Along with objec-
tions by both the War and Navy Departments, the plan
was referred to President Taft’s Committee on Econ-
omy and Efficiency, from which it was never returned.

Two men who were more influential in the drive for a
national aeronautixil laboratory vvere AIexander
Graham Bell and Charles Dool.ittle Walcotk The
former, as a regent of the Smithsonian lhstitutio~
.had been a supporter of Langley and had experimented

with the lifting capabilities of kitns. With Mm. Bell he
formed the Aerial Experiment kwc.iation in 1907 to
support the airplane experiments of Glenn Curt&,
Lt. T. E. Selfri@ F. W. (“c~y~’) Bald- and
J. A. D. McCurdy. Their efforts resulted in the de-
velopment of the Curt& biplanes and the use of ailer-
ons to replace the Wright’s wing warping for lateral
controL

Dr. Walcott vvasno aeronautical scientist; his field
vvas geology. But Dr. Walco& as successor to Pro-
fessor Langley a9 Secretary of the Smithsonian, was
determined that the Institution should resume iti posi-
tion a9 a leader of aeronautical ecienc8 in America.
HOW better than to have the new aeronautical labora-
tory attached to the Smithsonian!

The establishment of a national aeronautical labora-
tory was pressed by members of the National Academy
of Sciences, notably by Bell and Walcott. The Acad-
emy had been created by Congress during the civil
War and had the duty of giving advice to the Govern-
men~ when asked. The Academy, as a body, was not
asked for advica on this mattar, but its members a,p-
pear to have been influential in persuading President
Taft to appoint on December 19, 1912, a 19-man com-
mkion to consider such a national laboratcq and its
scope, organizatio~ and co% and to make a recom-
mendation to the Congress.

The President’s Coremission vvasheaded by Dr. R. S.
Woodward of the National Academy of Sciences and
the Carnegie hetitution of Washington and included
Dr. Walcott. The Army, Navy, Weather Bureau, and
Bureau of Standards were representa~ as well as in-
terested civilians. The Commission recommended that
the ~aboratory be established in Washington and ad-
ministered by the regents of the Smithsonian Institu-
tion. President Maclaurin of the Mixpachusetts Ineti-
tute of Technology objected to the location at Wash-
ingto~ which the majority report favored as ‘conv-
eniently accessible to statesmen of the National Gov-
ernment who may wish to witmss aeroplane demon-
strations?’

Unfortunately, the President had appointed the
co remission without ‘the advice and consent of the
Senate?’ Authorizing legislation failed to get unani-
mous consent and the Commission’s report was buried
k the archive9.

Probably as a rwult of his servica with the Pre&
dent’s Commissio~ President Maclaurin in Muy 1918
persnaded the Corporation of M.I.T. to authorize a
graduata couree in aeronautical engineering aud a wind
tunnel for aerodynamic research in the Department of
Naval &chitecture. He requti the Secretary of the
Navy to detail an officer of the Construction Corps to
take charge. The writar was so detailed for 3 years.

At about the same time, the Smithsonian regents de-
cided to reopen Langley’s old laboratory, with Dr. Al-
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bert l?. Zahm in charge. It was arranged by Walcott
and Maclaurin to send Zahm and Hunsaker abro~
armed with personal introductions to scientific friends.
Their objective was to visit the principal aeronautical
research laboratories and, as far as possible, to learn
how to operati the special facilities and equipment in
use there with a view to duplicating them in this
country.

Visits were made to the Royal Aircraft Factory, the
National Physical Laboratory, and Cambridge Univer-
sity in England; to the St. C&r, Chalais-Meudo~ and
Eiffel Laboratories in Franca; and to the Dentscihe
Versnchsanstalt fiir Luftfahrt and G6ttingen Univer-
si~ in Germany. In 1913, security restrictions did not
rLpplyto scientific and engineering work and the visi-
tom were cordially received. In fac$ the Massachu-
setts Institute of Technology later built its wind tunnel
from drawings supplied by Sr. Richard Glazebrook of
the NPL and the NPL aerodynwnic balances dupli-
cated by Sir Horam Darwin’s Cambridge scientific in-
strument shops.

Dr. Zdnn’s repor$ published by the Smithsonian in
1914, made clear the width of the gap between Euro-
pean and American positions in aeronautical science.
This report had an important i.niluence on the d~i-
sion of the Smithsonian regents in 1916 to memorialize
the Congress once again on the subject of a national
aeronautical laboratory.

Woodrmv Wfion approved the Smithsonian plan of
reopening Langley’s laboratory with representatives of
the War, Navy, Agriculture, and Commerca Depart-
ments serving on an Advisory Committee. However,
the Comptroller ruled tha< under an act of 1909, such
an Advisory Committee could not serve without the
authority of the Congress.

On Decmnber 10, 191% the Chancellor of the Smith-
sonian, Chief Justice Wh@ appointed Dr. AL&mder
Graham Bell; Senator William J. Stone of Missouri;
Representative Ernest W. Roberts of Massachusetk+
and John B. Henderso~ Jr., regents; and Dr. Walcot$
Secretary, to consider once again “questions relative to
the Langley Aerodpamical Laboratory.” On Feb-
ruary 1, 1915, a %ernorial on the need for a National
Advisory Committea for Aeronam%$’ was delivered
to the Speaker of the House. Pertinent sentencesfrom
the memorial follow:

Thiscountryled in theearlydevelopmentof heavier-than-air
machine& Today it is far behind. . . . A National Advisory
(lommittee for Aeronantlce cannot fail to be of inedimable
service in the development of the art of aviation in &aerica.
Such a committe% to be effectivq should be permanent and
attract to ita membership the most highly trained men in the
art of aviation. . . . Through the agency of subcommittee the
main advisory committee could avail itself of the advice and
suggestions of a large number of technical and practical
men. . . . The aeronautical committee should advise in relation
to the work of the Government in aeronautics and the coordim-
tion of the activities of governmental and private Iaboratorieq in

which quwtions concerned with the study of the problems of
aeronautics can be experimentally investigated,

The Navy heartily endorsed the idea in a lettar datid
February 12 and signed by Franklin D. Roosevelt as
Acting Seczetary.

IX3TABLIS~ OH’ NAOA

The joint resolution establishing the Advisory Com-
mittee and authoring the President to appoint its 12
members -wasgiven &al form in February. The peo-
ple of the United States were at the time generally
anxious to avoid involvement in what was then called
the War in Europe. Presided Wilson is said to have
felt that the establishment of a new aeronautical enter-
prise might reflect on American neutrality. Such rea-
soning may explain why the resolution was attached
to the naval appropriation bill; perhaps a more likely
reason was that in the rush to clear the legislative
‘logjam? by March ~ the date for adjommment of the
Congress, Representative Roberts, Smithsonim regemtj
had found it simpler to effect its adoption by intro-
ducing the measnre, as a rider to the navil appropria-
tion b~ in the Cmmnittm on Naval Maim, of -which
he was a member.

Following is the provision in the Naval Appropria-
tions Ac~ approved March 3,1915:

AnAdvisory Oommittee for Aeronautics b hereby establish@
and the President is authorized to appoint not to =ceed twelve
membe~ to consist of two members from the War Departmen$
from the ofWe in charge of military aeronautic; two members
from the Navy Depar(mmn~ from the ofiice in charge of naval
aeronautics; a repmentative each of the SmithsonIan Inatitu-
tio~ of the Unfted Statea Weather Bureau and of the United
Statea Bureau of Standards; together with not more than five
additional persons who shall be acquainted yith the needs of
aeronautical Scien% either civil or military, or skilled in aero-
nautical engineering or itx allied sciences: Proufd@, That the
members of the Advisory Omnm.itteafor Aeronauff~ aa au~
shall serve without compensation: Provkmd furt?wr, That lt
shall be the duty of the Advisory Oommittee for Aeronautics to
SUm and &&?t th 80k%tm 8tUdfJ Of the ~Obh)lS Of

ftight, with a view to thdr pwotkal 801U~&I~and to ddermine
the probk?nM 1 which should be experimentally attacke& and to
di.8ou88 #h8ir 80hbtiG71a?ld tk9k U@iWtiOt3 to p?WtiO@ qfk?$
tioms. In the event of a laboratory or laboratoriq either in
whole or in par$ being placed under the direction of the com-
mitteq the committee may direct and conduct research and
experiment in aeronautics in such laboratory or laboratories:
And provided furt?wr, That rolesand reguktlons for the con-
duct of the work of the committee shall be formulawd by the
committea and approved by the President.

That the smn of $5$300a year, or so much thereof as may be
nwesaary, for five years is hereby appropriate@ out of any
money in the Treasury not otherwim appropriate@ to be im-
mediately available for experimental work and investigations
undertaken by the comm.itt% clerical expenses and snppliq and
nweseary eXPWL8Mof members of fie committee in going to,
returning from, and while attending meetings of the committee:

1Itallc8 in thin and the fonowing quotation aupplledIV the author
for eraplmais.
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Prouided, That an angual report to the Congress shall be sab-
mitted through tie l?residen~ including an itemized statement
of eq’enditnres. .

This langu&ge establishing the NACA closely fol-
lowed that used by the British Prime Minister when he
announced the formation of a similar committee to the
House of Commons on Mwy 5, 1909, in the following
words :

It is no part of the general duty of the Advisory Committee
for AerOMUtiCSeZther to constructor to inverk Its function is
not to irdth+te but to consider what is initiatd dsewh~ and
is referred to it by the ~ecntive offlceg of the Navy and Army
construction deparhnenti The problems which are lZkdy to
adse in this way for solution are numero~ and it will be the
work of the committee to advise on these problems and to seek
thdr solutZon by the application of both theoretical and experi-
mental methods of research.

The work desired thus falZs into three sections: (1) The
soientiflo 8tudu of the probkna of $&lbt, with a vkno to thefr
practical 8oZution. (2) Research and experiment into thCSe
subjects in a properly efpdpped laboratory with a trained stafL’.
(3) The construction and use of dirigibles and aeroplanq hav-
ing regard mainly to thdr employment in war.

The Advisory Ckanmittee are to deal with the tit sect.ionj

and also to determine the prob7e?ns which the esperlmental
branch should attack, and di.wus$ their aolutfons and their
appZicatfon to praoticdqutwtion$. The second sectZon repre-
sents the work referred to the Laboratory (the National Physi-
cal Laboratory), while the dutka concerned wZth the third see
tlon remain with the Admiralty and the War Office

On April 2, 1915, President Woodrow Wilson ap-
pointed to the new Committee: Prof. Joseph S. Ames,
of the Physics Department of Johns Hopkins Univer-
si@; Capt. Mark L. Bristol, USN, Director of Naval
Aeronautics, Navy Department; Prof. William F.
Duran& of the Engineering Department of Leland
Stanford University; Prof. John F. Hayford of the
Enginear@g Department of Northwestern Univemity;
Dr. Charles F. Marvinj Chief of the U.S. Weather
Bureau; Hon. Byron R. Newtorq &sistant Secretary
of the Treasury; Prof. Michael I. Pupin of the Physics
Department of Columbia Univemity; Lt. COLSamuel
Reber, USA, Officar-in-Charge, Aviation Section of the
Signal Corp~ War Department; Naval Constructor
Holden C. Richardson, USN, Department of Ckmtruc-
tion and Repair, Washington Navy Yard; Brig. Gen.
George P. Striven, US& Chief Signal Officer, War
Department; Dr. SamueI W. Stratton, Director, Na-
tional Bureau of Standards; and Dr. Charles D. Wal-
cott, Secretary, Smithsonian Ii&itution.

Of the initial 1.2membe~ 6 were members of the
National Academy of Sciences (within the period of
their h~ACA membership). It is of interest to note
that for 40 years all chairnmu of the NACA except the
first, General Striven, have been members of the Na-
tional Academy. la 1955, there are 5 Academy mem-
bers out of 17 members of the NACA. This statistic is
of .@@.tkmce in vie-ivof the increasing impact on aero-
nautics of advances in many fields of science: for ex-

ample, physiology and psychology of pilots, chfistry
of combustio~ physics of metals, physics of the atmos-
phere, acousti~ communications, electronics. The
Committee is strengthened by the special lmowledge of
its individuid members.

By direction of the Prwiden~ the Secretary of War
called the & meeting. The date was April 23, 1916;
the place, his office. Conforming with the designation
in the call for” the fimt meeting, the word ~{National”
was pretied to the title “Advisory Committee for Aero-
nautics.” General Striven w-as elected temporary
chairman, and Naval Constructor Richardson timpo-
rary secreta~. With formulation of rukx and regula-
tions, subsequently approved by the President, the
temporary chairman and secretary were elected for one
year.

Perhaps the most important regulation adopted was
for an executive committe~ composed of 7 of the 12
members of the Advisory Comznittea. The full Com-
mittee was to meet only semiannually. The executive
committea was set up to meet regularly throughout the
year and was charged with the administration of the
affairs of the Committee and “generallsupervision of all
mmngeznents for research.”

Dr. Walcott was the first chairman of the executive
committee. The other members were Dr. Ames, CrLp-
tain Bristol, Dr. Marvin, Dr. Pupin, Colonel Reber, and
Dr. Stratton, with Naval Constructor Richardson, ex
oilicio, as secretary. Improvised quarters in the Army’s
Aviation Section were used the first yew.

In the beginning the executive committeewas a work-
ing group; the NACA had no paid personnel. It was
not until June 28 that the first employee was hired.
He was John F. Victory; 41 years later he is continuing
his faithfQ effective service to the Committee. In
1917 he was named assistmt secretary of the Commit-
tee; 10 years later he became secretary, and in 1945,ex-
ecutive secretary.

One of the first problems was to examine what aero-
nautical research -wasthen in progress in the United
States-both under Government auspices and by pri-
vate organizations-and then to effect rational co-
ordination to assure maximum value from the total
effort. Conggcssmom Roberts, reporting on the need
for the NACA on February 19, 1915, had well stated
the situation:

Besides these governmental agendes [he named the Bureau
of Standart@ the Weather Bureau and the War and Navy
Departments] for the devcdopment of aviation, individuals in
civil life have devoted thne and ~ense in the sdentMc study
and practical development of aeronautics. At the present tirije
all of these agend~ both governmental and private, work in-
dependently without anY coordination of rLctZvitiee.

Ten years later Dr. Ames gave a prime reason for
‘the great success of the Committaq because the Com-
mittee is a success,” the coordination, on n ratiozmlscnle,
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of American aeronautical resetLrclI. His comments were
made before hearings of the President’s Aircraft Board
(often called the Morrow Board). He spoke as chair-
man of the executive cornmitte~ to which position he
had been elected when Dr. Walcott became Committee
clmirman in 1919.

In part, Dr. Ames said:
Theorganization has an Executive Committee which appoints

n number of technical subcommittees whose function it is to
coordinate the research work throughout the country. . . .
The various problems which all the services of the Government
and the people engaged in industry, so far as we know, have in
mind are brought before these subcommittees. The importance
of each problem is discusse~ and a program is laid OUL. . .

Around our table meet . . . representatives from all the Gov-
ernment services involved. . . . We work for all the depart-
merh of the Government

Furthermore there are discussions going on at our table be-
tween the Army and the Navy and all other people interested
which otherwise would not take place. We are really a co-
ordinating body and that function would be impossible if our
organization were to be transferred to any execntive department
as such, becnuse if our Cbnmittee were to be a part of my
department it would necessarily follow that the aeronautical
needs of that department would be primarily served. . . . .

We thinlq therefore+ that in our independent existence we
offer n wonderful opportunity for serving all the departments.

In 1915 one of the first projects undertaken by the
executive committee wms a survey of f acilitieg available

‘(for the carrying on of aeronautic investigations.” It
was determined that “a number of institutions have

fivailable mechanical laboratories and engineering

courses capable of application to aeronautics, but only

the Massachusetts ktitute of TeChnOlOaT and the

Univemi@ of Michigan m far offer regular courses of
instruction and experimentation.” Note was made of
the experiments with full-scale propellers mounted on a
whirling table, being conducted at Worcester Polytech-
nic Institute.

~~Itappeals that the interestof COUegOSis mom one ‘f
curiosi@ than that of considerirqgthe problem as a true
engineering one, requiring development of en#neering
resources and, therefor% as not yet of suilicient impor-
tance to enggge their serious attention,” the NACA
commented in its first wmual reperk ‘W-antrfacturers
me -principally interested in the development of types
which will meet Government requirements or popular
demam+ but which will not involve too radical or sud-
den changes from their assumed standard types.”

The Committee recognized that “considerable work
lmd already lmn accomplished with which the general
public is not acquainted.” The annual report said of
this point: “This covers lines of development find in-
vestigation which if published would save money and
effort on the part of individual investigators and in-
ventors who are now duplicating investigations already
made by others. . . . Some of this information is al-
ready embodied in reports which am only accessible to
mfew interested parties who lmovv of its existence.”

The Smithsonian Institution had published a bibli-
ography of aeronautic, covering the period through
the middle of 1909. Now the NACA undertook publi-
cation of later bibliographies compiled by Paul Broc-
kett of the Smithsonian. The first such volume covered
the period 1909-16; as soon as past years had been
“caught up,” th~ bibliography was published annually
into the early thirties.

The Committee was fully aware that to fulfill its
obligations would require not only a well-equipped,
suitably staffed laboratory, but also a flight test center
where engineers could determine ‘We forces acting on
full-sized machinw.” It was fel~ however, that “since
the equipment of such a laboratory as could be laid
down at this time might well prove unsuited to the
needs of the early futur~ it is believed that such provi-
sion should be the result of ~gadmd development.”

In October 1916 the Committee recommended that
tha War Department (which alone had funds avail-
able) purchase land about 4 miles north of Hmmpton,
Vs., for use by the &my and Navy as an aircraft
proving ground. Named Langley Field, this site be-
came the home of NACA’S first research center. The
War Department used it for pilot training during
World Wm I. Aircraft development work of both the
&my and Navy was centered elsewhere.

Lacking its own facilities, the NACA took prompt
steps to contract for research to be performed for it by
others. The first annual report included seven report%
as follows:

No.1. Reporton behaviorof aeroplanesin gns~ by thel@.sa-
chusettaInstituteof Technology.

Part 1. likperimentalanalysis of inherent longitudinal
stabilityfor a typicalbiplan~by J. C.Hansaker.

Part 2. Theory of an aeroplane encountering gusts, by
E. B. TiWson.

No. 2. Investigation of pitot tnb~ by the United States Bureau
of Standards.

Part 1. The pitot tube and other anemometers for aero-
plane$ by TV.H. Herschel.

Part 2 The theory of the pitot and rentnri tub- by El.
Buckingham.

A-o. 3, Report on investigations of aviation wires and cabl~
their fastenings and terminal connection by John A. Roe&
lhlg’s sons 00.

No. 4. Preliminary report on the problem of the atmosphere in
relation to aeronautic by Prof. Charles I’. Marvin.

~Vo.5. Relati~e worth of hnprovements on fabriq by the Wod-
year Tire & Rubber 00.

No. 6. Investigations of balloon and aeroplane fabriq by the
United States Rubber Co.

Part L Balloon and aeroplane fabriq by Willis A. Gib-
bons and Omar H. Smith.

Part Z Skin friction of various surfaces in air, by Willis
& Gibbons.

No. 7. Thermodynamic eillciency of present @pes of internal-
combustion engines for aircraf~ by Columbia Universi&.

Part 1. Review of the de~elopment of engines snitable for
aeronautic servicq by Charles D. Lucke-

Part 2 Aero engin= analyzed with reference 10 elements
of processor function, by Charle8 E Luck?.
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‘What has already been accomplished by the Com-
mittee has shown that although its members have de-
voted as much personal attention as practicable to its
operatio~ yet in order to do all that should be done
technical assktance should be provided -which can be
continuously employedj’ the Committee said in its M
hnual Report.

I?or the &.cd year 1917 the NACA asked for and
received $85,000. Of the funds availabl~ $68,957.35
(ill that was not spent otherwise) went toward con-
struction of the new laboratory at La@ey Field. Its
total cost was estimated at $80,000, a figg thatikter
was revised upward.

The war was over before the “Committee’s field sta-
tion” at Langley Field could be said to be in useful
operation. The annual report for 1919 noted that the
Cwnmittee’s first wind tunnel, with a 5-foot test section,
wcs completed but inoperative for lack of power. The
Army’s power plant at Langley Field was incomple~
with construction stopped for lack of money.

With the Army planning to keep its experimental
-work in aeronautics at McCook FieId, Dayton, and
with the Navy% experimental aviation work centered
at Norfo& the NACA in 1919 felt it had good reasons
for moving its field station activities to Boiling Field,
just across the Anacostia River horn the Capital. It
asked CO- to authorize the move:

The Committeebelievesit uneconomicaland unsatlafactory
to remainat LangleyField. The samework can be carried
on moreefficiently,morepromptly,and more economicallyat .
BoningFiel@ wherethe work can be closelywatchedby all
membersof the CommittI%and wherethe membersof the
engineeringstaffla chargeof workcanhavereadYaccessto the
Oommim to largeIibrarie+andothersourcesof information
constantcommunicationwithtie Bnreauof Standar@ a more
satisfactorymarketfor laborandsnpplies and adequate power
sapply, and relief from the perplexing question of securing
qaarters at Langlw Field or in Hampton or other nearby towxm

Congressional approval for the move to Boiling Field
did not come. b April 1920, the Comrnitt+ perhaps
with a collective sQ~ tik action that accepted as per-
manent the Langley Field site for the “field tion.”
It sought Presidential approval of the name, ‘!Langley
Memorial Aeronautical Laboratory?’ Pr*dent Wfl-
son concurr@ and dedicatory exerciseswere conducted
on June 11. Attendance included guests, it was later
report&1, “of whom a number had flown to the field?’

This &z@ June 11,1920, may be considered the real
&g of NACA’S own program of aeronautical B
WW@ conducted by ita own staff in its own facilities.
The previous year a start had been made in obtaining
full-scale performance data from flight tests, but now
the availability of a wind tunnel made possible system-
atic investigations of critical aerodynamic problem+
such as: (1) Comparison between the ~bility of
airplanea as detarmimd from full-flight test and as

determined from calculations based on wind-tunnel
measurements; (2) comparison between the perform-
ance of full-scale airplanes and the calculations based
on wind-tunnel experimen~ and (8)” airfo~ including
control surfaces, with special attention to thick sections,
plus combinations and modification of such sections.

T13111COm-mS ADVISORY~uNOTIO~~

This has been essentially a chronological nccoun~
@ of events preceding establishment of the NACA,
and then its early steps to undertake its responsibili-
ty= as the nation’s aeronautical research establishment.
At this point it is in order to glance briefly at some
early activitiw of the Canmitt.ee which were consonant
with the “Advisory” in its nanm

In 1916the executive cmmnitteeinvited engine manu-
facturers to attand a meeting on June 8 in Dr. Wnl-
cott?s office at the Smithsonian Institution to discuss
the problem of obtaining more powerful and more re-
liable engines and to bring nbout a better understand-
ing between builders and users. Representatives of the
military services were in attendance, and although it is
to be doubted that many problems were solved, un-
questionable good was done by bringing them into sharp
focus. Another benefit from the meeting was an im-
rangement whereby the Society of Automotive Engi-
neers became active in providing assistance in the
solution of aircraft powerpkmt problems.

Also in 1916 the Committee examined the problem
of the carriage of mail by air. The Post Office De-
partment had failed in efforts to establish a contrnct
airm+l em-vice in Alaska and from New Bedford to
Nantucket Islan& Airmail was then considered to be
justified ody over almost impossible teITain. “(%n-
ditions of both these routes were so severe ns to detar
responsible bidders from undertaking this servicej) the
Cbmmittoe decided. It fel$ nonethelew, that because
of the great progress made in aviation, the Post Office
should set up one or more experimental routes, %ith
a view to determining the acmracy, frequenq, and
rapidity of transportation which may reasonably be
expected under normal and favorable conditions, rmd
therefrom to detmmine the desirability of extending
this service wherever the conditions are such as to
warrant its employmen&”

The above-stated opinion was transmitted to Con-
grws in 1916 as a recommendation. In 1918, when
$100,000 was appropriate for creation of an experi-
mental airmail sa-vi~ the NACA invited the attention
of the Secretary of War to the following facts: “Prac-
tically all aircraft manufacturing facilities in the
United States were being utilized by the War and
Navy Departments, and all capable aviators were in
the military or naval air .wmvices. . . [and] it was
exceedingly de&able that Army aviatom be regularly
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and systematically trained in long-distanco flying . . .
[and that] it would appear to be to the advantage
of the War Department and of the Government gen-
erally that military airplanes be used to render prac-
tical and effective service” in carrying mail between
Washington, Philadelphia, and New York In its 1918
annual report the NACA viewed with satisfaction the
manner in which the experimental airmail servh had
besn established along the lines recommended, and
expressed the opinion it had already ‘%wm Su.f3iciently
well demonstrated sines its inauguration to justify its
w+msion generally.”

In 1921, the Committea noted in a special report to
the President that-

There are several causes which are delaying the develop-
ment of civil aviatio~ such as the lack of airways, landing
fleldq aerologleal servi~ and aircraft properly designed for
commercial uses. The Air Mail Service st42ndsout as a pioneer
agency, overcoming these handicaps and blazing the way, so
to spea~ for the practical development of commercial aviation.
As a permanent propositio~ however, the Post 0f3ce Depart-
men~ as its functions are now conceived, shonld no more
operate dLreetly a spedal airmail service than it should operate
a SPedaI railroad mail service; but until such thne as the
necessary aids to commercial aviation have been established
it will be next to impomible for any private corporation to
operati under contract an airmail service in competition with
the railroati

In January 1917, the War and Navy Departments

complained b the NACA about prohibitive prices for
aircraft, said to be due to “the extra item of royalty
added by each h in anticipation of infrhgement
suits by owners of alleged basic aeronautic patants
who were then threatening all other airplane and sea-
plane manufacturer with such swim and causing
thereby a general demmalization of the entire in-
dustry.))

The committee held meetings with Government offi-
cials, owners of patents, and aircraft manufacturers.
It then recommended organization of a Manufacturers
Aircraft Association to effect the cross licensing of
aeronautic patents and to make the use of all such
patents available to any member firm at the relatively
small cost of $200 per airplane. This happy solution
was adopte$ and resuli@ in the Commih’s opin-
ion, in “the prevention of the virtual deadlock with
danger of monopoly misting under the patent titua-
tioL>?

In many other ways the Commitiwe gave advisory
service on such varied mattm as provision of insur-
ance for aviato~ naming of flying fields “in com-
memoration of individuals who had rendered conspicu-
ous servi+” aerial mapping techniques, and selection
of a tits near Washing-km for a ‘landing field” to pro-
vide “accommodation of transient aviators?’

A special subcommittee during World War I ex-
amined some 7,000 inventions and suggestions in the

field of aeronautics. Of this work the NACA latar
said, “The great majori~ of the suggestioti received
are obviously of an impractical nature. Seve@ how-
ever, have seemed worthy of further consideration and
have been referred to military or naval ~erts.” In
addition to this arduous tax the Committee ssrved as
arbitrator in the settlement of disputes involving tsch-
nicd questions between private parties and the mili-
tary wvices.

Perhaps the most important of NACA’S advisory
services was the leadership vvhich the Committee gave
to the efforts for legislation necessary to the orderly
development of civil aviation. With cessation of hos-
tilities in 1918, the Committee promptly took up the
basic quwtion of what should be done about the civil
u& of aircrafk Although it vvould be nearly 8 yearn
before the required Federal legislation was adoptsd
(the Air Commerca Act of 1926), the recommendations
made by the Committee in 1918 encompassed what was
needed: KFederal legislation . . . governing the navi-
gation of aircraft in the United States and including the
licensing of pilots, inspection of machines, uses of land-
ing fields, etc. . . . designed to . . . enco~age the d+
velopment of aviation . . . and at the s~e time to
guide the development . . . along such hw as fl
render immediate and effective military servico to the
Nation in time of war.”

On April 1, 1921, President Harding directed the
Committee to meet with reprcsentdiv= of interested
Government departments to determine what could be
done to achieve Federal regulation of air navigation
without legislative action, and what new legidation
was needed. April 9, the recommendations were for-
mulated. The Committee was brief: Ki?ederal regula-
tion of air nav-i.gationcannot be accomplished under
existing laws. . . . It is recommended that a Bureau of
Aeronautics be established in the Department of Com-
merce.”

There were other NACA proposals in 1921: That the
Post Office be authorized to extand its airmail routes
across the continent, and that naval aviation activities
be centared in a Bureau of Aeronautics within the Navy
Department.

In its &.nual -port for 1921, the NACA noted the
principal reason for delay in passing the recommended
legislation:

The Committeeis not nnmindfnlof the legalsenthnentthat
a constitotlonalamendmentshonldfirst.be adoptedbeforesuch
legislationis enact~ on the groundthat effectiveregnlatlon
of air navigationas proposedwonld otherwisebe nncons&n-
tional as violating the rights of property and encroaching upon
the rights of i%taka. To postpone such legislation until a con-
stitutional amendment can be proposed and rattlled would have
the effect of greatly retarding the development of commercial
aviatio~ with no assurance that smlident popular interest
wonld ever be aronsed to accomplish such an amendment The
Oormaittee fa of the opinion that the most effecKve course to be



10 REPORT NATIONAL ADVISORY CO=’IT’EE FOR AERONAUTICS

followed for the development of aviation would be first to enact
tie legislation deemed necesary for the Federal regulation of
air navigation and the encouragement of the dewlopment of
civil aviatlo~ and let the question of the conatitntionality of
such legislation be t&ed in due course. In the meantime
there would be development in dvil and commercial aviat30&
and if eventually the legi$latlon which made possible such de
velopment should be dellnitely determined to be nnconstitational
there would tlv+ in all probability, be tid~t I@uc ~t~~
in the subject and Popular demand to adopt ~ ~endment to
the Constitution.

Years of _perseveranceculminated, in April 1926, in
a cme-fd amdysis by the Committea of fundamental
dMerences of opinion respecting cmtain aspects of the
basic legislation then before the Congress. The SOlu-
tions then proposed by the NACA were accepted by
the joint Senate-House conferees, and the &r Cem-
merce Act became law on May 20,1926.

~CThisact pro~d~ the le=gkkive cornerstone for the
development of commercial aviation in berica~’ tie
Committea said. It ‘gives an important measure of
stability to commercial aviation as a business proposi-
tion and in its direct effeots will go far toward en-
couraging the development of civiI and commercial
aviation?’

MilRONMllTIOALlMX3DAROH

The Air Commerca Act made the Secretary of Com-
merce responsible for the regulation of civiI aviation,
and for iti encouragement. At the same tim~ this
action freed the NACA from an “advisory” burden it
hrtd wrried during its iirst 10 years. From now on,
the Committee could concentrate upon its chief respon-
sibili~-tbe conduct of aeronautical resaarch.

During the first 10 yea= of the Committee’s existence
demands upon the time of NACA members were very
heavy. From 1915 to 1919 the Committee had three
chairmen: General Striven, 1915; Dr. Durand, 1916-18,
and Dr. John R. Freaman, 1919. Dr. Freeman was sent
on a mission to China and was succeeded as chairman
in 1919 by Dr. Walcott, who had served as chairman
of the executive committee sinm its formation in 1915.

Dr. Walcott was succeeded as chairman of the axecu-
tive committee by Dr. Ames, who effectively supported
Dr. Walcott until the latter% death in 1927. At that
time Dr. Ames became chairman to serve until his re-
tirement in 1939. The fact that he was located in Bal-
timore, where he headed the physics department of
Johns Hopkins University until he became president of
the Universi@ in 1929, proved no handicap. Dr. ties
was in Washington as often and as long as Committee
busin= required.

Tt5th the development of laboratory facilities at
Langley, the NACA began building a competent engi-
neering staff. The Langley Laboratory attracted
young men with good tmining, who could grow to do
work of increasing importame- The independence of
the NACA was one of the attractions, as was also the

opportunity for the young engineer to sign the pub-
lished report of his own research. So was the rwail-
abiLity of superior research and test equipment.

k 1919 the Committea invited Dr. George W. Lewis,
professor of mechanical engineering at %varthmore
College, to become its executive officer. In this capac-
ity, he was called upon to guide the research programs
and to plan and build the research tools needed. In
1924 Dr. Lewis’ title was changed to one that more
closely described his responsibilities, director of aero-
nautical research. From then until 1945, when his
health failed under the tremendous burdens he insisted
upon carrying during World War IJ., George Lewis
gave devoted and effective kmdership to the staff of the
committee.

While the Committee was acquiring the equipment at
Langley neceswmyfor the researchprograms envisioned,
use wasmade off acilities avdable elsewherefor certain
investigations. Before the end of World Wm I, Dr.
Durand was conducting most valuable research on air
propellers at I&md Stanford Universi@, and ot MIT
the availability of a wind tunnel and staff made possible
fundamental aerodynamic research on stabili~ and con-
trol and on the characteristics of wing sections.

The National Bureau of Standards worked on nero-
nantical problems at the request of the NACA and with
its i3nancia1support. The Bureau developed appcmatus
for the study of combustion problems under simulated
conditions of high altitude and later equipped itself
with wind tunnels for fundamental research on turbu-
lence and bounda,ry-layer problems.

The aeronautical experimentation carried on nt the
Navy Yard in Washington and at McCook Field in
Dayton was correlated with a comprehensive plan which
the NACA formulated and which was kept up to date
asmilitary and industry needschanged. The pioneering
work by Naval Constructor Richardson on seaplane
hulls, and the later researches directed by Chief Con-
structor David W. Taylor, contributed significantly to
the advanwment of naval aviation. At McCook Field
(later moved and enlarged to become Wright Field) the
availabili@- of a wind tunnel causedthe NACA to det~il
one of its iir-sttechnical employees, Dr. George de Both-
ezat (best known, perhaps, for his later work with heli-
copters) to Dayton to assistwith aeronautical research
there.

lln 1920theNACA’s fist wind tunnel was put to work.
With relatively minor exceptions, this first major piece
of equipment was patterned after one at the British
Natiomd Physical Laboratory. The work that could be
done with this tunnel was essentially no different from
that which could be accomplished at the Navy Ynrd,
McC%ok Field, MIT, or other locations where conven-
tional wind tunnels were located.

In June 1921,the exeeutive committee decided to build
a new kind of wind tunnel, Utilizing compressed air,
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it would allow for “scale effects” in aerodynamic model
experiments. This tunnel represented the tit bold step
by the NACA to provide its research personnel with the
novel, often complicated, and usually expensive equip-
ment necemmy to press forward the frontiers of aero-
rmutical science. It was designed by Dr. Max Munlq
formerly of Gottingen.

The value of the new tunnel was explained in 1922 by
Dr. Ames:

~en a newdes&nof airplane. . . is mad%it is customary
to constracta modelof i~ one+wentieththesizeor less,andto
esperlrnentuponthis. The methodnow in nnlversaluse is to
suspendthe model from suitablebalancesin a stream of
all?. . . at a velocityof 00mph . . . The balances register the
forces and moments acting on the modeL From the results of
such measurements one decides whether the original design is
good or nok But is one justified in making such a decision?
Why should the same laws apply to a little model inside the wind
tunnel, as it is called, and to the actual airplane ilying freely
through the air? Evidently there is groand for grave uncer-
tainty. The Committee has perfected a method for obviating
t.hls. It has been known from aerodynamic theory for some
the that the change in scalq from airplane to its mcde~ could
be compensated by compressing the air from ordinary pressure
to 20 or 25 atmosphere: as the sh-ucture moving through the air
is reduced in size from 50 feet to 2 feet the molecules of the air
m’o brough~ by comparison, closer and closer together until their
distance apart is one twenty-dfth of what it was originally. The
effect of scale is thus fally compensated and experiments upon a
model in this compressed air have a real meaning. The Canmit-
tee has COIIShICted a large steel tank, .34 feet long and 15 feet
in diameter, inside which is placed a wind tarmel with its bal-
ances, etc., and in which the air may be kept in a state of high
compression. The information to be obtained from the appa-
ratus will be the most important ever given airplane designers.

Experience with simple airplane models without pro-
pellers in the variable-density tunnel encouraged the
NACA, in June 1925, to construct a wind tunnel large
enough to test full-scale airplane propellers under
conditions of flight. This was a costly decisionj but
the cost was repaid manyfold by improved airplane
performance.

The propeller research tunnel was put into operation,
in 1927. It had a circular testsection 20 feet in diameter
nnd was powered by two Diesel engges rated nt 1,000
hp. each. Its air speed was 110 mph. and, at the time,
it was the largest wind tunnel in the world. Ahnost
from the bginning of its use, the PRT provided infor-
mation leading to design changes which resulted in
dmmatic improvements in airplane performance.

The first and most spectacular of these productive re-
searchesbrought about the development of what became
known as the NACA cowling for air-cooled radial en-
gines. In its 19.2Sreport, the Committee said that ‘%y
the application of the results of this study to a Curtiss
AT-5A Army pursuit training plane, the maximum
speed was increased from 118to 137mph. T&i is equiv-
alent to providirg approximately 88 additiomd horse-
power without additional weight or cost of engine, fuel
consumption, or weight of structure. This single con-

tribution will repay the cost of the Propeller Research
Tunnel many times.”

The Collier Trophy, awarded annually “for the great-
est achievement in aviation in America, the value of
which has been thoroughly demonstrated by actual use
during the preceding year:’ went to the NACA for the
development of this form of cowl@ President Hoover
made the presem%tionon January 3, 1930 (for the year
192%), and aftar the reading of the citation Dr. Ames
responded that “a scientist remives his reward from his
own work in believing that he has added to human
knowledge; but he is always gratiiied when his work is
recognimd as good by those competent to judga”

A second important benefit accruing from vvork in
the PRT was more positive information about the best
location of engine nacalles. The engines of the Ford
Tri-motor, and similar aircraft of the twentiw+ were
hung below the wing. & a consequence of research
reported confidentially in 1930,multienginedaircraft de-
signed thereafter had their eng+es faired into the lead-
ing edge of the wing with an important gain in speed.

The systematic work accomplished in the PRT led
to other practical design changes. For example, it was
possible to obtain an accurate estimate of the drag
caused by such apparently insignihnt details as the
location of a gasoline filler cap. Similarly, engineers
studjed the aerodynamic interferemmof wings and fuse-
lage, and the use of fillets to reduce the interference
was proposed. (h 192Sthe NACA published its fk-st
Technical Note on this subject, by Melvin N. Gough.)

That the fixed landing gear represented a large
amount of drag had long been appreciated, but it
was not until the PRT became operative that the drag
penaltiw of fixed kmdinggear could be determined pre-
cisely. The higher speeds made possible by use of the
NACA cowling, the wing positioning of the engine
nwd.les, the filleting of wing-fuselage juncture% and
other aerodynamic refinementsnow made attractive the
investment of ridded cost and weight implicit in re-
tractable landing gem.

In 1933, looking at the gains from the research at
its Langley Laboratory, the Cmunitie said: KNo
money estimate can be placed on the value of superior
performance of aircraft in warfare . . . nor can a
money estimah be plmed on . . . improved safety. . . .
The value in dollars and cents of improved efficiency in
aircraft resulting from the Committee’s work can, how-
ever, be fairly estimated. For exampl~ the results
of . . . researches completed by the Committee within
the last few years, show that savings in money alone will
be made possible in excess mm.mlly of the total appro-
priations for the Cmnmittee since its establishment in
1915?’

The economic depression that begin with the stock-
market crash of 1929 was not an unmixed evil for the
NACA. Mthough there were strong prwsures to re-
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Dr. William~. Durand,memberNational Advisory
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Chairman, 1916-18.
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Dr.VarmevarBush,memberNationalAdvisoryGm-
mittee for Aeronautiea1938-48;Vice Chairman.
1938-39;Chairman,ExeeutiveChmmittee,193841;
chairman, 193941.
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Applicationof NACAcowlingon AT-5AArmypnraulttrainingplaneincreaseditsspeedfrom118to137m.p.h. Thiswasequiv-
alentto providing83additiomdhorsepower.

The NACAI.az@ey khoratory’a low-dragwingwasfirstnmd on the P-51Mustangfighter,making itthe fastestpropellor-
drivenairplaneof WorIdWarIL

.
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An engineerin NACA’Stowingtankat Lax@y Aeronautical
Laboratory prepares a dynamic model cqnipped with
hydro-skisfor a testrun.
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This rocket-poweredmodel, one of a series teatcdby the
NACAto invcatigatethe fluttercharaoteristicaof lowaspect
ratio wings, shoots skywardtoward the Athmtio Ocean
from its Iaunching ramp at the NACAPiIotlesaAircraft
Raearch Station,WallopsIsland,Va.

The 14-foot test sectionof the AmcaUnitaryPlan wind tunnel. It is capableof operatingsmoothly from subsonicspeeds
through thespeedof sound to low snperwmicvalues,a regionwherewnventionalwind tunnelsarenot usablq owingto
choking. The perforatedor slottedwaIIsof the tunnel permit flow disturbancesto pass through the open partswhile
rotnhdngsuflicicntsolidareato guide the a-r uniformlypast the model. Two other test sectionsoperateat speedsup
to NIachNo.3.5.
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The NACAM Laboratory’snew10-by-10-footsupersonicwindtunnelis usedfor rewarehon aircraftpowerplant6. ‘I’his
tunnel is deigned for speedsof MaebNos.2 to 3.5.

Sixdummi~ seatedin variouspositionsand in severaltypesof seats,rode a tice-weary Lodestar&maportplanethrough
a severe mash,one of a seriesstagedby a ~ group of the NACALewisFlightmpu~on ~mtory. Objeetivo‘f
tho mashprogramis to gatherdataon passengerand pilot survivalproblemsin aircraftaccidents.
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Damagewasheavybut firewaspreventedin this experimentalcrashbeeauseof a iire-inertingsystemdevisedby the NACA
I.awis FlightPropulsionhboratory. A seriesof erasheawasstagedwithworn-outturbojet- andpiston-poweredaircraft
tostudyprobkms of&e and human survivalin mashaccidents. The whitecloud in the picture is jet fuel issuingfrom
the rippedtankin the rightwing.

Caughtin tight by sbadowgraphtechniqu~ this free-flightresearchmodel showsthe complicatedpatternof shock wavea
and vortex= aasoeiatedwith high-speedflight. Vortex- are left in the wakeof the model. The nnsyxnmetrkdshock.
wavopatternshowsthat the modelis turning. The modelis 7 inoh~ long and hasjust beanfiredfrom a 3-iich smooth-
boreNavalgun into stillair. Machnumberat the instantof thisphotographis 1.6.
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In&red photographof a laboratoryexperimentsimulatingaerodynamicheating. At 2,000mik pOrhour, snatainedilight
could prwlueetemperatnreaup to 1,200°F. Much =dditio~ ~ ti ~ to pdt sueees&Iloperationunder
anehconditions.
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FlyingregularIyat ~nic andauperamdcspeeds,thesereaearehairplanwareexploringnewfieldsfor dataneededto dedgn
the militaryandcivilairplanmof thefuture. In the centeriathe DouglasX-3; at lowerIefq the BellX-lA flownlate in
1953at a record1,650m.p.h. or 2S timesthe apeedof sound. Continningcl~ . from theX-lA arethe DouglaaD-550-I
ccs~~~~~} con~ ~_g~; Beu x+ ~~ ~le ~qba& w@s; DouglaaIk%8-n “Skyroeket~”fist piloted
airplaneto fly at twicathe speedof sound; and the NO*P X-4. The NationalAdvisoryCommitteefor A-Mutics.
the Air Form, the Navy,and the aircraft manufacturingindustryare joined to design,build, and fly theseand other
advancedairpIaneain a high-speedflightreaearebprogram.
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GrummanFllF-1. Useof the NACA-developed“area rule” eoneeptfor decreasingdragrise at transonicspeedsgavethis

~$Tig=?!@ht= plme supersonicPerfOrLUanC@o ‘he “wasp-waiated”Navycarrierplane usesone-thirdleasthrust than
otherdrpkmeaof equivalentperformance.
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AmesAeronauticalLaboratory,MoffettField,Crdif.

Lewis Flight Propulsion Laboratory, Cleveland, Ohio.
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duw operating expenditures, these were successfully re-
siste~ in the main, by such impressive evidence of the
money value of the Committed work as that just tit@.
On thy favorable side was the opportunity for the
NACA to construct at depression costs new research
equipment with funds already appropriated, and the
availability of engineers, from whom many of its future
leaders have developed.

The 80- by 60-foo~ “full-scale” vvind tunnel and the
2,000-foot towing tank (for study of hydrodynamic
characteristics of water-based aircraft) were completed
in 1931. The d&igner of the $900,000“full-scale’) wind
tunnel (then the world’s largest) was Smith J. De-
France, who became director of the Committee’s sec-
ond research cmter, at Moffett Field, Calif., when it
was established in 1941.

A somewhat later “depression baby” was the 500-
mph,, 8-foot wind tunnel. For some time after its com-
pletion in 1936, it was known, somewhat optimisti-
cally, as the “full-speed wind tunnel?’ Other novel
research equipment constructed at Langley in these
years included a he-spimning wind tunnel and a re-
frigerated wind tunnel (for study of icing problems).

In this depression period NACA engineers f.rst dis-
closed the ability to use air more than onca. Soon
aftar the variable-density tunnel was rebuilt following
a fire in 1927, it was suggested that some use should
be made of the air relea.sadeach time the tunnel was
returned to atmospheric presmre. Why not discharge
the pressurized air through an appropriate nozzle and
thus obtain a really high-speed airstream? The result
was a blo-ivdown devi% with a 12-inch test section in
which aerodynamic phenomena could be studied at
speeds almost that of sound (about 760 mph. at 60° F.).

Thus far, the discussion of research by the NACA
has been largely concerned with aerodynamics vvhere
the greatest effort was made. Nevertheless there was
fruitful work on powerplan~ loM@ and strum
which will be noted later. In retrospect, one marvels
that so much could be accomplished. At the begin-
ning of 1980, for example, the total employment at
the Langley Laboratory was ody 181.

By the mid-tbirti+ the work of the NACA had bs-
come internationally known and respectd Somewhat
earlier the British journal Aircraft Engineering had
commented about the Committm: “They were the first
to cstabliih, and indeed to visualize, a variable-density
tunnel; they have led again with the construction of
the 20-foot propeller research tunnel; and . . . [with]
a ‘fulI-scale’ tunnel in which complet8 aerophmes up
to 35-foot span can be &ted. The presentiday Amer-
ican position in all branches of aeronautical knowledge
can, vvithout doubt be attributed mainly to this far-
seeing policy and expenditure on up-to-date laboratory
equipment.”

Somewhat wryly, A. J. Sutton Pippard of the Uni-
versity of London observed in 1953 %hat many of our
most capable design stafi prefer to base their technical
work upon the results of the American NACA.”
‘An importmit effort of the NACA was to make its

research tidings fully available for use. l?ira~ there
were Reports, comprehensive presentations expected to
have lasting value. Then there were Technical Notes+
preliminary or narrower in scope. Technical Memo-
randums were reprin~ or translations, from the aero-
nautical literature of other nations. Aircraft circulars
reported information about foreign aircraft and en-
gines. Ii later years Research Memorandums were
added; these were limited in distribution for reasons
of military security or because they contained pro-
prietary information.

Recognizing the importance of knowing what was
available in the aeronautical literature of the world,
Dr. Ames had been instrumental in the formation of an
Office of Aeronautical Intelligence as an integral part
of the Committee’s program, and for years he served
both as its director and as chairman of the NACA’S sub-
committee on publications and intelligence. Beginning
soon after World War I and continuing (except for a
break in World War II) until 1950, the Commit&
maintained a tw.hnical assistantin Europe. From 1921
the post was held by John Jay Id% who faithfully and
intelligently sarved the NACA both as European re-
porter and in a liaison capacity with foreign aeronauti-
cal research organizations. It was decided in 1950 to
closa the NACA’S European office because the art and
science of aeronautics had become too compl= for re-
portage by a one-man bureau Im%rnational exchmge
of information is now handled by other means.

Beginning in 1926, the Committee sponsored an an-
nual conference at the Langley Laboratory with repre-
sentativesof the military services and the industry. In
addition to the opportuni~ to see what the NACA was
doing, guests had an occasion to criticize and to sugge%
new research on problems they felt were wpecially
pressing. In the lirst years of the conferen~ “every-
one” from the industry and the military services at-
tended; even so, the guest list numlxwed little more
than 200, and the journey to and from Langley, via
Potomac River steamer, resulted in many unofficial but
profitable sessions fir World War ~ it became
new.sary to provide two types of meetings: (1) Tech-
nical conferences concerned with a specific Subjectj
usually classified for security reasons, e.g., supersonic ,
aerodynamics. (2) Inspections. Held am.mally, on a
rotating basis at each laboratory, the NACA inspections
seek to give the indus~ and military services a com-
prehensive vie-iv of technical progress. & many as
1,500 attend these meetings, which are not classided.

Also of importwm from the standpoint of communi-
cation is a steady tic of industry and military visitors
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to NACA research centem Much is accomplished by
discussion of mattem of specitic concern to thosO in-
volved. No less important am the tilts by NACA
technical personnel to specific industry plants. ~

Be.@ning in the mid-thirti~ the NACA reported
annually to the Congress and to the President that cer-
tain European nations were making a determined effort
to achieve technical and quantitative supremacy in
aeronautics Each year the Committee’s comments on
this subject were stronger. In 1937, for example, Dr.
Ames reported: ‘The greatly increased interest of the
major powers in fostering aeronautical research and
their determined efforts to excel in this rapidly ex-
pan~g enbtimrhg science constitute ~ scientfic

challenge to America’s p resent leadership.” He
explained:

Up to 1932 the Committee had constructed at its Iaboratoriea
at Langley Field . . . special eqnipment such as the variable-
densi~ tnnnel, the propeller—researchtnnn~ the fnlkscale tnn-
ne~ and . . . a seaplane towing bash !rhey were at the time of
constriction the only snch pieces of eqnipment in the world.
The possession of sud eqnipment was one of the chief factors
in enabling the Uni@d States to become the reco@md leader in
the technical development of aircraft Since 1932 fiis research
equipment has been reproduced by foreign countries and in some
cases special research equipment . . . abroad . . . b superior
to the equipment existing at Iangley E’ield-

Thls condition has” impressed the Oommittee with the advis-
ability of providing additiontd f acilitiea promptly as needed for
the stndy of problems that are neceaeaw to be solved, ti order
that American aimraft development both military and commer-
ci@ will not fall behind.

li122ANSION OR’ FACILITIES

In 1938, the Committee reported that its laboratory
employees at Langley Field were “working under high

P~.~~ lt ~a~ed that %e recent great expeon

of -rch facilities by other nations will bring to an

end the period of American leadefip in the technical

development of aircraft unles tie Utited States also
constructs additional reswmchf abilities.” Dr. Ames, in
Octnber 1938,appointed a Special Ca@ittee on Future
Research Facilities to make recom”endikions.

But even before the Special Committee me~ the
NACA was making a strong recommendation for
special facilities for resaarch on aircraft structures.
‘With the advance in size and speed of aircraft . . .
the problems involved require the conduct of laboratory
research on structures on an increasing sc.al~” the Com-
mitte8wrote Congress- KT& is tie ~t% single nekd

for additional research equipment and . . . in the in-
terestsof safety and of further progress in aeronautics+
it should be provided at the earliest possible date.”

On December 30,1938, the Special Committee recom-
mended immediate establishment of a second NACA
research center, in Californi~ to relieve what the late
Maj. Gen. Oscar We&over (then Chief of the Army Air
Corps and a member of the NACA) called “the con-

gested bottlen~, ‘of Langley Field.” Although the
recommendations had been presented as emergency in
character, it was not until midsummer-Auguet 9,
1939-just before the start of World War II, that the
second laboratory was authorized by Congress. Hardly
a month later, September 14, ground was broken at
Moffett Field, some 40 miles south of San Francisco, for
what became the Ames Aeronautical Laboratory.

Earlier that year an expansion of Langley facilities
was authorized by Congress. S. Pa,ul Johnston (now
managing head of the Institute of the Aeronautical
Sciences) was named Coordinator of Rewmrch to assist
Dr. llmvis. Further intensification of resemch effort
obviously was needed in the face of war in Europq nncl
a second Special Con@t@ headed by Charles A. Lind-
bergh, was appointed. This group recommended, O&
tober 19, 1939, that a powerplant research center be
established at once.

“There is a-serious lack of engine research facilities
in the United Stat+” Lindbergh’s cmnmittee stated.
“The reason for foreign leadership in certain impor-
tant types of military aircraft is due in pmrt to the
superiori~ of f orei=m liquid-cooled engines. At the
present time, American facilities for research on air-
craft powerpkmts are inadequate and cannot be com-
pared with the facilities for research in other fields of
aviation.” It ys June 26, 1940-after Belgium and
Holland had been overrun-tit congressional author-
ization for the new flight-propulsion laboratory was
forthcoming.

A site was made available by the city of Cleveland
adjacent to its municipsJ airport. Immediate steps
-weretaken by Dr. Lewis to plan and construct a com-
plex of laboratories equipped with facilities for the
investigation of airplane engines, thei.qparts and mn-
terials, fuels and lubricants, ignition and combustion,
heat transfe; and cooling, intake and exhaust aerody-
namics, as well as for the fundamental physi~ chem-
istry, and metakrgy of power generation. In addi-
tion, facilities w-em provided for flight testing in
laboratoq-instrum ented airplanepractical flying
laboratories for propulsion research.

There is no doubt that this flight-propulsion center
was a large step in advahce of any comparable facility
in the world. It has cost up to date about $110 million
and now employs about 2,800 people.

fir the death of Dr. Lewis in 194S,the Committee
decided on the name “Lewis Flight Propulsion Labora-
tory~’ as a memorial to that great engineer% crowning
achievemen~

Here it may be proper to explain why the -rob
effort on powerplants and on structures had been so
much less than that devoted to aerodynamics. In the
@st place, it must be remembered fiat bet~mn World
Wars I and II, the United States was an intensely
peace-minded nation. In addition, the thousands of
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miles of ocean to our east ‘&d west gave a feeling of
- safety from attack a complacent sense of detachment.

The congress was unwilling to expend really large
sums for national defem or on research to improve it.

Until the eve of Pearl Harbor, the annual expendi-
ture by the United States to support aeronautical re-
search was indeed modest. Even as late as the sum-
mer of 1939, the NACA’S total complement was 523,
including only 278 technical people.

The major effort by the NACA over the years had
been deliberately concentrated on aerodynamic prob-
lems. Her% for a given expenditur~ the possible gains
to be achieved were very lar~ particukmly in view of
the relatively few enginews who could be assigned to
the work.

Powerplant research and structural research are ex-
pensive, and require extensive facilities for full-scale
investi~@ions. Small models are of limited utility in
powerphmt resemch. Furthermo~ powerplauts and
structures are the immediate concern of strong and
highly competitive industrial ilrms. The Committee
evidently felt that under its iiscal restrictions, it would
do better to concentrate on basic aerodynamic problems
and migh$ hopefully, leave research and development
of powerplants and structures to the industry and the
military servic8s.

However, the Lindbergh committee in 1939 said that
this past policy was wrong, and the NACA agreed.
It mppearedthat leaving fundament.il research to the
industry meant, in effect, that such research would be
indefinitely postponed.

A competitive engine h must concentrate on
what its customers vvank The firm improves its en-
gine with small changes based on experience. It seelm
the minimum risk of interruption of production. The
military services, its principal customers, conduct com-
petitive trials based on standard performance specitl-
cations. After quantity orders are pla~ no major
changes are possible. The services, of co- welcome
small changes based on experience, if the risk of trouble
be slight. & a resul$ engine development tends to
adhere to a definite pattern and progresses slowly.

An engine manufacturer must make a relatively
heavy investment in plant and tooling for production
of a particular engine- The manufacturer is naturally
inclined to concentrate on improvements in this engine
to prolong its commercial life. These improvement
are essentiallyproprietary in character.

Similar remarks apply to the airplane industry.
Every effort is made to improve a particular airplane
to prolong its vogue in production. This development
effort is restricted to consermtive changes in a basic
design acceptable to the customer.

In this country, the Navy standardized on air-cooled
radial engines that met Navy requirement@ while the

tS2130S17-0~

Army insisted on U-cylinder, liquid-cooled engines to
power the Qhters in their program.

However, there were important fundamental appli-
cations of science to engine design that needed investi-
gation in 1940.

From the beginning, one of the principal technical
committ.eesof the NACA was concerned with power-
plants. During World War I, a few reseanih projects
in the powerplant field were carried on under its
auspices, notably in the altitude facility at the Bureau
of Standards, where engines could be operated under
conditions simulating those experienced by high-flying
aircraft. A program of systematic teskswas conducted
there for the NACA, including supercharging with a
Roots-type blower.

At Langley the small but expert powerplant staff
made some important contributions, in addition to
their cooperation with the wind-tunnel people in de-
veloping the remarkable hTACA cowling for air-cooled
engines. One recalls improved iinni.ng for air-cooled
engine cylinde~ methods to dearmse the octnne re-
quirements of high-compression engines, and work on
such fundamental matters as the behavior of fuels-
how they ignite, how they burn, and ho~ this burning
corrodes critical parts of the emgine. A principzd tool
in the study of the,cwlatter questions was high-speed
photography, and cameras capable of taking pictures
at the rate of 400,000 pm second were developed by
the NACA.

In the field of jet propulsion the NACA dibited
an early awareness of its possible advent but did little
about it. In 1923, in Report No. 159, “Jet Propulsion
for Airplan~” Edgar Buckingham of the Bureau of
Standards, reported that: “The relative fuel consump-
tion and weight of machimxy for the jet decrwise as
the flying speed increases; but at 250 mph. the jet
would still take about four times as much fuel per
thrust horsepower-hour as the air screw, and the power-
plant would be heavier and much more complicated.
Propulsion by the reaction of a simple jet cannot com-
pe~ in any respec$ vvith air screw propulsion at such
flying speeds as are now in prospecti” This cxmclu-
sion was entirely rational on the basis of the technology
at that time.

In the early thirti~ the NACA was askedby a repr-
esentativeof the airframe industry to resurvey jet-
propulsion prospects an~ although airplwne speeds by
then had passed the 250-mph. mark vvhich Bucking-
ham considered a goal, the story was much the same.
The inefficiency of the jet engine at the speeds con-
templated ruled it out of considmation.

Near the end of the 1930’s, some preliminary ex-
perimental work on jet propulsion was undertaken
at the Langley Laboratory. These experiments indi-
cated that jet engines would be so fuel thirsty as to
limit their useful application to very high-speed. very
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short-range aircraft. American thinking, perhaps b-
cause of ~gmgraphy, was focused on long-range per-
formance where fuel economy was paramount. This
idea served to discourage any real jet-development ef-
fort in the United States until intelligence of British
and German experiments reached us.

In March 194J, Dr. Durand was recalled from re-
tirement to head a special NACA Committee on Jet
Propulsion. The fact that he was in his 82d year -was
only a matter of calendar counting. The vigor with
which he and his committee launched a belated devel-
opment effort would have done credit to a man less
than half his age. Later in 1941, Gen. H. H. Arnold
secured from the British one of the earliest of the
Whittle jet engines to aid the development program
initiated by Dr. Durand. In this pro=- the Durand
committee was handicapped by tie fact that the coun-
try had just bean plunged into a war for which it was
ill prepared and the principal airplane-engine firms
were overloade& The decision came %om the sum-
mit” that we would fight with the weapons in hand.
First priori~ was given their production in immense
quantity. Consequently, the Durand committee had
to arrange with nonaeronautical fkms to undertake the
development of turbojet engines for pasible later use
to power ~Uhter airplanea

Over some 20 years, aerodynamic and powerplant im-
provemen~ much of it based on application of research
resul~ permitted the top speed of military airplane-s
and the cruising speed of commercial airplanes to be
doubled; the air loads imposed on the faster airplanes
were severely increased, especially in rough air and
when maneuvering.

The lords research group at&e Langley Laboratory
consisted of but 20 men in 1939, but their contribu-
tion was considerable, notably the V-G mxn-der (V
for veloci@, G for gratity) by R. V. Rhode and H. J.
E. Reid. It was devised to measure continuously the
loads experienced by an airplane flying in rough air.
This was but one of many novel instruments which
NACA engsjmmrshave devised for precise measure-
ments in flight.

The re.warch problem directly related to loads deals
with structures to carry the loads. Here again the
manpower available at Langley prior to World War H
was small; as late as October 1940, only 10 men were
working on airplane structures. Their work was con-
cern@ principally, with fundamental Imowled=mabout
structures from which a trustworthy theory could be
developed for desi=a application. Delicate experiments
and mathematical analyses dealing with the behavior of
thin-vmlled cylinde~, stillened pane@ and other struc-
tural units produced useful conclusions that were used
on our World War II aircraft.

On October ‘7, 1939, Dr. &nes resigned from the
‘&unmittee because of failing health. His responsi-

bilities as chairman of the Committee were given to
Dr. Vannevar Bus\ who had been serving both as vice
chairman and as chaimnan of the executivo committae.

Note has been xpade already of the manner in which
Dr. &nes had provided leademhip of the highest qual-
ity to the Committee for nearly a quarter-century. The
letter President Roosevelt wrote upon the occasion of
his retirement contained this statement:

OnrRepublic would not be worthy of the devoted service you
have rendered for over 24 years without compensation if it
could not on this occasion pam to pay tribute where it is so
jolly due. . . . That the peoplegenerallyhave not knownof
yonr brilliant and patriotic service is becauseit has been
overshadowedby your passionfor accomplishmentwithout
publicio. But the fact remainqand I amhappyto give you
eredi~ that the remarkableprogressfor many yearain the
improvementof the performan~ e5cIency, un(l safety of
&nericanaircr@ bothmilitaryandcommercial,hasbeendue
-Y ~ YOm0~ ~mfig leadershipin tlm development
of newresearchfacilitiesandin theorderlyprosecutionof com-
prehensiveresearchprograms.

The Committee rwolution, tmdered to Dr. Ames in
Baltimore by a spwia3 delegation, said:

~en aeronauticalsciencewas stragglingto discoverits
fnndamenta@his was the visionthat saw theneeclfor novel
researchfacilitiesandfor organizedandsustainedprosecution
of scientidclaboratoryresearch. ~ was the professional
conragethat led the Oommittmalongscientificpathsto hn-
portant discoveries and contributions to progreae that have
placed the United States in the forefront of progressive nations
in the development of aeronautics. His was the executive
ability and far-sighted policy of public service that without
~ CreMt for Mm@f or for the Oonunit* developed a
research organization that holds the co@dence of the govern-
mental and indusbial agendea concerned, and commands the
rt=pect of the aeronautical world. Withal, Dr. Ames was an
inspiring leader of men and a man beloved by all his colleagues
because of his rare qualities.

In July 1941, the President appointed Dr. Bush di-

rector of the newly established 05ce of Scientific Re-

search and Development< and he resigned as chairman

of the NACA. The writer was elected chairman, an
honor he has been privileged since to hold,

WORLDWAR II AND.QTlOR

The war years for the NACA vrere plagued by the
necessiQ- for rapid qmnsion of the civil service stwff
from hardly 500 in 1939 to more than 6,800. Trained
engineering persomel were unavailable. Consequently,
it was mandatory that professional be spread ever
thinner, while loom iixersj toynmkers, mechmicq black-
smit@ and women schoolteachers were recruited for
jobs they could door for which quick instruction could
be given.

Espwielly in the matter of skilled management of
research programs, the NACA might have been ex-
pected to be sorely weak. And ye~ somehow, with each
expansion of effort, new leaders were found from within
the permanent NACA staff. No sooner did Hemy



REPORT NATIONAL ADVISORY COMMI’ITEE FOR AERONAUTICS 25

J. E. Reid, director of the Langley Laboratory, see
some of his best men on their way to build the new
laboratory at Moffet Field—named in 1944 in honor
of Dr. &ncs+han the process of designating the
lcadem of the new engine laboratory—named in honor
of Dr. Lewis in 1948-was begun. Smith J. DeFrance
was named director of the &nes Aeronautical Labora-
tory, and later Edward R. Sharp became director of
the Law-isFlight Propulsion Laboratory. Both of these
men were senior members of the permanent staff at
Langley.

NACA’S war effort was of necessity devoted very
largely to applied research, the business of fln@~
‘quick iixes” to make existing aircraft better perform-
ers, and production engines more powerful. Fortu-
nately, wconsiderable backlog of design data was avail-
able for application to such subjects as low-drag wings,
high-speed propellers, stability and control, and im-
proved systems for coding and cooling enaties. Be-
tween December 1941 and December 19M, the Conunk
tee’s research centers worked on 115 dMerent airplane
types. In July 1944, 78 different models were under
simultaneous investigation.

Perhaps the best comment on the value of NACA’S
World War II work is to quote from a statementby the
late Frank Knox, made in 1943 when he was Secretary
of the Navy:

New~deasareweaponsof immensesi~cance. The United
StatesNavywcs thetit to developaircraftcapableof vertical
dive bombing; this was made possible by the proswntion of a
program of scIenti5c research by the NAO& The Navy’s
fnmous fighters-the Corsair, WfldcaG and Hellcat+re pos-
sible only becnuse they were breed on fid~en~ dev~o~
by the NACA. All of them use NAUA wing sections, NAUA cool-
ing methods, NAOA high-lift devim. The gr~t S= tictofiw
that have broken Japan’s expandhg grip in the PacMc would
not have been possible without tie contributions of the NAU&

The end of world War II marked the end of the de-

velopment of the airplane as conceived by Wilbur and
OrvilIe Wright. The power available in the newly de-
veloped turbojet and rocket engines for the fit time
brought within man’s reach flight through and beyond
the speed of sound.

In the years following World War H there were
chrmges,too, in the membership of the Committee. In
1948, the death of Orville Wright closed 28 years of his
membership on the NACA. Though he TVSSbut one
among many strong men -who had given of time and
talent to the work of the COmmiti, his PFLSS@

sharpened the realization that in the working years of
one man’s life-between December 17, 1903, and Janu-
ary 30, 1948-the speed of the airplane had been in-
creased from hardly 30 mph. to almost 1,000mph.

In 1948 the membemhip of the Committee was in-
creased to 1’7. This permitted the inclusion of a repre-
sentative from the Department of Def - presently
the &istant Secretary (Research and Development).

Since the war tie Committee has included one Presi-
dentially appointed member from the airframe, the
engine, and the air-transport industrks, thus insuring
awarenew of the needs of those major segments of
American airpower.

In 1948 Dr. Imwis died. Ii 1945, his health broken
by the war effor$ he had been forced to withdraw from
active participation in the work of the Committee.
For almost 2 yem+ John W. Cro-ivley, Jr., served as
acting director of aeronautical rwmrch. With the
Committee since 1921, Crowley had been chief of re-
search at Langley f or a number of years. He protided
vitally needed leadership during a critical period.

To succeed Dr. IA* the Committee in 194’7chose
the Associate Director of the NationaI Bureau of Stand-
ards, Dr. Hugh L. Dryden. He was no stranger to the “
NACA. Trained in physics and mathematics by Dr.
Ames at Johns Hopkins University, he had gone to the
Bureau of Standards in 191Z,where he soon earned an
international reputation by his aerodynamic researches
in turbulence and boundary layer. His new task at
the NACA was extremely W3icult, yet it was vital to
the Nation that a ‘hew look” at the postwar situation
be taken, and new objectives defined in terms of super-
sonic jet-propelled vehick potmmially available for
the worldwide exercise of air power and, eventually,
for civil air transportation.

At the end of World War II, the most urgently
sought goal was attainment of practical flight at super-
sonic speed. It was realized that success in this effort
required new kuowledge which could be obtained only
with new tools and new techniques. Even before the
end of the war efforts were made to acquire needed
data. Efforts to develop useful transonic aerodynamic
theory had failed and it was necas.saryto resort to di-
rect experimentation at velocities passing through the
speed of sound The fact that the principal tool of
aerodynamic r~earch, the wind tunne~ was subject to
“chow phenomena near the speed of sound forbade
its use for the critical experimentation. Entirely new
techniques had to be devised. The NACA’S attack was
broadened to include all approaches which offered
promis8.

The earliest attempt used especially instrumented
aerodynamic bodies dropped from a high altitude, but
it was not until late in 1943 that advances in radar
and radiotelemetering equipment made it possible to
obtain reliable data by this method. Even th~ the
velocity of a free-falling body seldom went much be-
yond a Mach number of 1 (M=l equals the speed of
sound) .

Other attempts sought to use the acceleration of air-
flow above a curved surface. Small model wings were
mounted near the leding edge of the wing of an air-
plane. In this way, E& drag, and other aerodynamic
characteristics of the model were measured. The meth-
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od was employed also to study stabili~ and trim of air-
plane shapes in the transonic speed range. The same
principle of accelerating airflow was tried -with small
models positioned over a %ump” in the test section of
a subsonic vvind tunne~ but scale effects complicated
the interpretation of test results for use in design.

Use of rocketipropelled models H from’%heground
followed the first work with free-falling bodies by
about a year. k instrumentation has been improved,
this technique has become a valuable tool for transonic
research. By the addition of powerful booster rocke~
models of this kind are being used to study aerody-
namic problems at speedsranging up to a Mach number
of 10 and higher. The fact that very high speeds are
reached at low altitudq where the air is dense, makes
the aerodynamic data readily usable for plane and
missiledesign. in 1945,the ?SACA establisheda Piloh
lCSSAircraft Research Station at Wallops Island off
the Tmginia coast+to carry on this work. It is at-
tached to the Langley Laboratory.

In 1943, the idea w-asadvanced of using specially de-
signed piloted airplanes to explore the transonic speed
range. Propelled by powerful rocket enginw and pro-
vided with elaborate data-recording equipment, the re-
search airplane could be solely flown at high altitudw
where the densi~ of the air, and hence the loads im-
posed on the structure, would be 10W.

The spectacular accomplishments of the resea.mhair-
planes-the supersonic flight of the Bell X–1, October
14, 1947; the twim-the-speed-of-sound flight of the
Douglas D-55&-11, November 20, 1953, and the even
faster flights of the Bell X-1–A which follovied soon
after-have sometimes obscured the fact that these air-
planes were tools for research. These flights are his-
toric; all aggd as to the rightness of the Collier Tro-
phy award to three men for the year 1947: John Stack,
Lrmgley Laboratory, for mnmpti& of the research air-
plane program; Lawrence D. Bell, for design and con-
struction of the X-1; and Capt. Charles E. Yeager,
US&l?, for making the first supersonic tligh~

But even more valuable than the dispelling of the
myth about the sound barrier was the accumulation of
information about the transonic speed region. The
shape and the performance of tactical military air~ft
which have bciendesigned since m“flectthe use of data
obtained by the research airplane program centered at
the NACA’S High-Speed Flight Station at Edwards
Air Force B% Calif.

Despiti the sum of this flight prograq there
remained the need for a technique whereby transonic
experimentation could be carried on under the closely
controlled conditions possible only in the laboratory.
Actually, the data coming from the research airplanes
accented this need, bemuse they pointed up the funda-

mental problems of fluid mechanics that would have to
be studied in great detail for the design of useful super-
sonic aircrti

By late 1950, following intensive theoretical work
there was put into operation at the Langley Laboratory
a new @a of wind tunnel. Incorporating a %lottcd
throat” at the test se&ion, it was free from choking
near the speed of sound and truly could be described
as a transonic wind tunneL Again, the Collier Trophy
was awarded to John Stack and his Langley associates
for the conceptio~ design, and construction of this most
llmful research tool.

One must appreciate the very great dMerence between
airplane design in the past and today. In the past,
the d.i.ilerencebetween the best design and the second
bes$ assuming the same power, might be ot most only
a few miles an hour. No-iv the d.Merencs may be
m~ed in hundreds of miles an hour. The art is
being extended so rapidly that no longer is there a
comfortable time margin between the acquisition of re-
search data and its application.

Hardly had the first of the NACA’S transonic wind
tumnelsgone into full operation, in 1951,when Richard
T. Whitcomb, a young engineer at the Langley Laboriw
troy, be.- the experimental verification of what has
since become known as the “area role.” In essence,
Whitcomb worked out a rational way to balance the
lengthwise distribution of volume of fusdage and wings
to produce an airplane form with minimum drag
at high speeds. Seemingly slight modifications to
the shape of the airplane fuselage greatly improved
performance.

& soon as the new design principle vas verified in
preliminary form, it was made available in confidence
to the designers of military airplanes and the new in-
formation vvaspromptly applied.

In one instance, the prototype of o new fighter air-
craft was unable on test to attain supersonic speeds.
With the deceptively subtle moditicntions dictnted by
the “arm rule,” the airplane enjoyed w performance
gain in speed of asmuch as26 percen~

At the velocities contemphded for our future missiles
and airplanes, temperatures measured in thousands of
degrees Fahrenheit w-illbe encountered owing to aero-
dynamic heating-friction. The consequent structural
problems are little short of fantastic and, with presently
available materials of construction, the solution is not
insight. More research is needed.

The performance possible from the harnessing of nu-
clear energy for airplane propulsion would be nonstop
flight over virtually unlimited range. Again, one is
faced with problems of enormous complexity and ditE-
culty, but national--security requires that rc.smrch and
development be carried forward with inmgimtion and
vigor.
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Millions of passengers are now carried by air. Air
transportation A expedites the delivery of great
volumes of mail and goods. &.rliners ragularly span
oceans and ccmtinen~ and smaller utility planes serve
remote regions in the Arctic and tropical jungles. There
is promise of helicopter s+w-icebetween nearby cities,
with no need f or large outlying airports.

The safety record of civil aeronautic is remarkably
good, but it is never good enough. We still read, from
time to time, of disasters from collision, fie, storm,
human error, and, rarely, from structural or mechanical
failure of the airplane itself. The human pilot is aided
by wonderfd instruments and by radio, radar, .gro~
etc., but we still depend on his jud=ment and skill. He
must be better protected against noise and fatigu~
subjects for research.

Air transportation is fast and can be faster. But
greater flight speed is illusory if it requires too loqg a
ctib to reach the high altitude neceswaryfor economy.
Furthermorej higher speed airplanes tend to require
longer runways and bigger airports. This could mean
rLnew program of airport building at colossal expe~
with the new airports even farther from the passengers’
ultimate destination. Getting to and from the airport
could consume more time than is saved by faster tlight.
Research continues on improving land@ and takeoff
characteristics of airliners.

It may be thut airlinem of the future will be de-
signed to the limitations of the airports they are to
serve, just as transatlantic steamers are dwigned to
enter only a few major seaports, where the channel
and piers have adequate depth of water.

Civil aeronautics can make its .-t est contribution
to trade and commerce under a fa~orable international
clinmta of free interchange of people, goods, and ideas.
Greater economy, eiliciency, and safety are prerequi-
sites for ita full utilization. Reseamh can show the
way to advance toward thesegoals.

Through the yearn the NACA has been provided by
Cbngress with the most modern research equipment at
a total cost of approximately $300million, and the pres-
ent operat~u staff numbers about 7,600 perso~ of
whom over 2,000 have professional degrees. These
resources, in the present hostile and threatening inter-
national climat~ are directed for the most part toward
research helpful to national security. Research to im-
prove military aircraft is ultimately applied to civil
aviation, when proved to be thoroughly practical by
experience, but there are difbrences in emphasis, be-
cause safety, comfo~ and economy are relatively more
important in civil airplanes. The Committee has
numerous investigations in pro=pss which are directed
toward the immediate problems of civil aviation, as for
example the work on nob icing, fire prevention, atmos-
pheric turbulence, and reduction of landing speed.

A more favorable international climate would permit
greater emphasis on civil aviation, but it is likely that
for some time to come the national security will require
a great effort to penetrate more rapidly into the vast
region of the unexplored and unknown. The Cmmn&
tee feels its responsibility for guidance of the overall
research effort in aeronautics, and it is hoped that
through its work aeronautics may make the maximum
possible contribution to human welfare.
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The Following Years

1955-58

Chairman iVACA, 19S6-58

The latter years of the NACA were among its most
productive. It was almost as if the talented scientists
and engineers of the organization during the years of
World War H when they wera so intensively engagg
in efforts to improve current airplan~, had been
sawing up bold, big ideas about how to accomplish
dramatic improvements in aircraft performance
Once peace was restored, even though it vvas soon to
prove an ephemeral thing, there was a steady flow from
the people at the Langley, Ames, and Lewis Labora-
tori~ of new information about the laws governing
flight that the desiamersof the industry could incorpo-
rate quickly into their new aircraft. Much of what I
shall dwcribe in this brief summary belongs, really, to
the 40-year period covered by Dr. J. C. Hunsakerk
preceding account of the NACA. The principal reason
he could not includq this information vms security.
There is much mow I should like to say about current
work, but again, some of the story must avmit a future
occasion.

One of the most important nspectsof NACA research
during the postwnr years was the systematic study of
such problems as aircraft and rocket fuels. &y high
school or college chemistry student can look at the
chmts and determine that hydrogen has the highest
ener~gycontent per pound and therefore should be a
principnl element in the ideal fuel, the one thnt will
produce the most thrust per pound. The goal is to de-
vise such an ideal fuel and methods of practical use
in the face of such obstacles as toxici~, availability,
cost, etc. Her% there is no easy quick path to accom-
plishment; hard work, sustained research over long
periods, is the only sure way to success.

At the Lewis Laboratory, beginning with the clos-
ing days of the war, a program to develop “super fuels”
vrns bebw that, even in mid-1958, is still producing
useful information. Progres, long-raqy proagress,has
been rmd continues to be made, despite a succession
of inevitable disappointments. ‘One promising lead
after mother had to be studied nnd discharged until it
becnme known thnt the answers were to be found else-

mhere. Finally, of co- this Systematic effort
pointed toward the ‘%est answers?’

For example, one way to obtain more powerful, more
useful fuels was to burn such materials as aluminum or
magnesium. The problems of compounding slurries of
these metals had to be solvec$ but when solutions to
theseproblems vverefound, the realization followed that
this approach was not useful, for reasons that need not
be dealt with here. Other solutions to the problem had
to be m~~hti In pntig, I should like to emphasize
that in the businessof learning hoti to fly faster, higher,
and farther, it is sometimes very important to learn
what wOnV work. With this essentially negative in-
formation in hand, it then becomes possible to work
rapidly nnd surely toward goals that will pay off.

Even today, the subject of ‘(exotic fuels” remains
heavily classified. I may state, however, that basic
produce the most thrust per pound. The goal is to de-
work by scientists and engineers at the Lewis Flight
Propulsion Laboratory on fuels incorporatirqg boron
compounds has been so successful that large industrial
plants have been built to produce thesenew fuels. They
will be used to send our new bombers and interceptors
to speeds approaching or exceeding 3 times that of
sound (2,000 mph) over very long ranges.

Before turning to other aspects of NACA resemck it
is appropriate to mention the work being done to find
ways nnd means of providing rocket motors having the
greater thrust needed by the ballistic missiles of today
and the spncemaft of tomorrow. These efforts include
studies of such basic fuel components as hydiogen and
fluorine. Slightly farther nvray on the time scale is
the development of engines utilizing nuclear eneregy.
Hem, the hTACA people have been in closest coopera-
tion with their opposite nundxm in the Atomic EneraT
Commission. &ain it is too enrly to describe in detail
the progrwss that hns been mnde; we must be ccmtent

to observe that substantial progress is being made.

Also some time in the future will come exploitation of
“elw~~c proptiion,” inclu”~~ such devices as ion -jets

and plnsma jets. me must succeed in learning how to

design nnd build these completely new engines by the
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day, not too distan$ when we shall be ready to launch
voyages of discovery to ~enus and Mars, and beyond.
A good start has been made; there is much more to do.

Ii the mea of aerodynamic loads and structures, the
goal remains much the same as in the earliest days of
NACA, to learn how to make our airplane structure, ~d
more recently, our mide ~d spa~mft structurcs~
strong enough to withstand the greater loads imposed
by the greater speeds we nre attaining, with, of COUI’SC,
the continuing stipulation that our structures contain
not 1 ounce of unnecessaryweight. The total structure-s
problem is made the more dif&dt because our airplanes
have attained speeds where aerodynamic henting-ti
friction-imposes new and more d.iilicultrequirements.
We have to think in terms of materials that will maiu-
tain their high-strength characteristics at temperatures
beyond the 1,000° F mark We have to take into ac-
count problems of thermal str~ that, by themselves,
me complicated and hard to solve. And, all the time,
we have to remember that weight must be kept to the
absolute minimum. All this has made necessary the
calculation, to the clmest numlxxs p-ibl~ of the struc-
tural requirements that will just s&s& our needs.

Diflicult ns is this problem with respect to airplanes
and @ded missiles, it becomes even more challen@g
in the casesof ballistic missilesand space vehicles. The
ballistic missile mchw high into space on its way to the
target. Most of its flight is at speeds measured in thou-
sandsof miles per hour. During reentry into the atmos-
phere it is subjected to heating problems many times
more severe than those affecting the high-speed nir-
planes mentioned earlier. Spacecraft, as they m~ to
earth, will experience not only very serious heating
problems but dif6cult deceleration problems. The de-
celerational loads imposed on structur~ instmmenta-
tion, and passengers must all be within tolerable limits.
Spacecraft requirements also me so weight sensitive as
to be enormously more difEcult to meet than is the case
with the airplane.

Research in this area has made newxmry the dasign
and construction of novel facilities in which the complex
problem can be broken down into solvable pnrts, and
studied under the precisely controlled conditions of the
laboratol~. The NACA has been a lender iu this area,
and its new f ncilities are already produciqg research
information that is immediately useful.

One result of such research that has been especially
valuable “vrasdevelopment of the “wafile ~nid” concept
of construction. Systematic studies demonstrated the
vnlue, both structurally and as a weight saver, of platw
that -werestreqg%ened and lightened by cutt@ away
metal, eithermechanically or by chemical etching, on the
inner surface. Today the design of virtually all bal-
listic missilesand spacecraft makw extensive use of the
%vatllegrid” concept, and its use is hardly less extensive
in the newest airplane dwigns

Not unrelated to the structural heating problem is the
suwessful development of H. Julian Allen’s “blunt nose”
concept. Although Allen’s concept, worked out at the
&nes Aeronautical Laboratory, was ewentidly com-
pleted in 1952,it wasnot until 1957that public disclosure
became possible.

In essence,Allen’s concept called for a complete re-
versal of the exkting practice of designing brdlistic
tie warheads with a freely pointed, low drag shape.
I&tend, he proposed a blunt-nose shape which would
create a very high-pressure drag during the reentry
phase of fligh~ where aerodynamic heating was so criti
ital. In this way, he reasoned, most of the bent would
be dissipated in the region of the shock wave. To re-
duce this dramatic story to its barest essentials,Allen’s
work vrasverified in special, new laboratory apparatus,
and today, every U.S. ballistic missile warhead is de-
signed in accordance with his once rrd.ical precepts.

The X-15 is the most recent of research airplanes.
It is a direct result of research studies by the NACA
that were begun in 1952. The Air Force and Navy
agreed on the need for such a project and on a pkm
of joint flnnncing by contxncting with North Ameri-
can Aviation for complete design and construction,
The X–M is intended to be used to provicle for full-
scale scientific investigations iu fight of such spnce
flight problems as weightlessness, reentry heating, and
control at altitudes approaching 100 miles, where
aerodymmic forces are no longer effective, and at
speeds exceeding 8,600 miles per hour. The X–16,
however, is definitely not a spacecraft Rather, it is a
vehicle that will permit studying problems that must
be solved to enable space flight. It is msuccessor to
the earlier research airplanes of the “X series:’ and,
like them, is a joint venture, with the military services,
the aircraft industry, and the NACA working
smoothly as a team.

Here it may be pertinent to note that for the past
dozen years the research proagams of the NACA have
been undergoing a gradual change in emphasis, away
from airplane problems toward missile and space
problems. To be surq many of the problem areas were
of interest and concern to designers of airplanes ns
well as of missiles and spacecraft. Nonetheless, the
reorientation process has been positive and, in fnct,
accelerating. By the end of the iiscal year, June 80,
1958, approximately 50 percent of the NACA research
effort was being devoted to problems nffecting missiles
and space vehicles.

But, as has been said so often and so forcefully, the
military airplane is not yet facing extinction, and
NACA research in recent years has contributed im-
porbntly to the continued worth of manned aircraft.
The Convnti B-58, America’s list supersonic bomber,
makes use of Whitcomb’s area-rule principle, described
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in Dr. Hunsaker’s mcoun$ and of the coni@ camber
concept developed at the b= Laboratory. The
North American B-70, often described in the news-
papers M the “Mach 3 chemical bomberj’ has yet to
fly. When it does, it will incorporate much in the way
of NACA research information that still has high
security classihation and cannot be mentioned In
the lower speed ranges, Whitcomb’s work is being ap-
plied to commercial turbojet transport design, in the
cnse of the Convair 600.

Despite the seemingly insatiable demand for more
speed, in both milita~ and commercial categories, the
NACA has been aware of the need for continued re-
search in the mens of the “low and the slow.” Aircraft
with the capability to tike off and land, either verti-
cally or with short runs, continue to be.of interes$ nnd
proamesshns been made in solving problems peculkr

to this @e. Similarly, the Nation’s flight research
agency hns done important vvorkon such special matters
as aircraft noise and operating problems.

Perhaps the most accurate assessmentof the effective-
nws of the NACA organization-its 8,000technical nnd
supporting personnel, its $300 million of laboratories,
and its comprehensive research probmams-came on
July 29, 1958, when President Eisenhower signed the
National Aeronautics and Space Act of 1958 that
created the National Aeronautics and Space Adminis-
tration. That act provided that the new agency be
built upon the NACA ns its nucleus. h this viny, the
lawmakers made sure that the country gained a run-
ning start on its bold, exciting ventures in space ex-
ploration for “penceful pqmses for the benefit of all
mankind.”

AERODYNAMIC RESEARCH

With the rapid advent of satellite, ballistic misil~
and other hypervelocity vehicle operation, the NACA
has intensified its aerodynamic research of both a bnsic
and applied nature on problems of hypervelocity flight.
All such vehicles have severe aerodynamic problems
during operation within the atmosphere. Studies
bearing on advanced fight concepts, aerodynmnic heat-
ing and stability of reentry and hypersonic boost-glide
vehiclw, automatic guidance and stability and control
of antiballistic missiles have all bwn pursued vigor-
ously. Likewise emphnsis has been placed on equally
important bnsic =W dynamics research dealing with
such subjects ns high-temperature gas flows, dissociw
tion and ionization phenomena, air properties at high
speeds and temperatures, and maggnetogasdynamics
principles. Experimental investigations have encom-
pnesedtemperaturesup to 15,000° F. in arc jetx+25,0000
l?, in shock tubes, and speeds of more than 16,000miles
per hour. Such studies are providing new lmowledge
imperative for the successof launching man into space,
with his safe return to earth assured.

The need for improvements in the efficiency n.swell
ns the speed, stability, control, and flying qualitiw of
aircraft and conventional missiks has continued to
merit a major part of the NACA research effort. The
information obtained is being applied rapidly in new
aircraft and missile desibas. Unfortunately, aircraft
for more efficient operation at the higher speeds have
aggravated landing and takeoff problems. An impor-
tant pnrt of the NACA’S researcheffort is being directed
toward improving the low-speed characteristics and
establishing 10w-Speedpfioting techniques of both high-
speed and VTOL/STOL-type aircrw%

fi~~597_~~

& may be seen from the following pnag, aerody-

namic research encompasses a speed range from tnkeoff

to satellite velocity.

mm MECHANICS

Many problems in fluid meclmnics, still very incom-

pletely understood, are genernted by ballistic tie%
hypersonic glider-s, and ~ellitcs or space ~ehicl~

Aerodynamic heating is a major factor in determining
weight and propulsion requirements of these vehicles,
and reduction in heating rates and heating lends pays
large dividends. Thus, it is of the utmost urgency
that methods of mhhizing heat transfer nnd O@iIlliZ-

iqg vehicle configurations be fomd. Progress hns been
made both alo~a the lines of practical solutions to
the-seproblems and increased fundamental understand-
ing of the underlying basic fluid flow and gns dynamic
phenomena. In spite of the fact that at the high gns
temperature encountered in the flow about hypersonic
vehicles, real-gas effects such ns dissociation nnd ioni-
zation play an important rolq much knowledge hns
been gained by considering air ns a perfect gns. Ho-iv-
ever, an important fact is that the ionized ~wsin the
flow about a hypersonic vehicle permits electrical and
magnetic fields to exert forces on the charged particles
themselves, thus introducing the whole field of mag-
netognsdynamics. Activity has incrensed in this field
of research having potential application to the reduc-
tion of heat transfer to the surfaces of hypersonic and
space vehicles and in the generation of mngnetohydro-
dynamic forces for vehicle lif$ control, nnd propulsion.
A brief description of some investigations in these and
other areas follows.
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Boundary-Layer Transition and Skin Friction

Basic to the aerodynamic heating problem is an
understanding of the boundary layer flow conditions
inasmuch as turbulent flow produces si@@mtly
higher heating rates than laminar flow. Skin friction
drag, especially important in airplane design, is like-
wise considerably lower for laminar than turbulent
flow. &mseqently, severtd impotit investigations

“ of transition have been undertaken.
. A study hasbeen concluded concerned tith the funda-

mental features of the transition process. Turbulence
frequently bebginsin an unsteady fashion -ivith an iso-
lated burst of turbulence. Studies using a Mach-
Zehnder interferometer were made of the shape, growth
rates, and velocities of movement of such turbulent
bursts at Mach numbers up to 7. Much progxss has
been made recently in wind-tunnel, flight rmd free-
ilight model tests in obtaining a bettm understanding
of the effects of roughness on transition. Exploratory
results ilrst.indicated that transition in most cases was
caused by mud roughnesses mther than inherent in-
stability of the boundary layer. The limits, or condi-
tions, in terms of basic boundary layer and roughness
parameters, under which individual grains and bits of
roughness will induce tra,nsitio~ have been clearly
established for several basic shapes over an extendecl
mnge of Reynolds and Mach numbers. Some of the
roughness tesb were made on blunt bodiw. Both two-
dirnensional and three-dimensional roughness elements
have been tested. If the roughness is below a certain
critical heigh~ it does not affect the skin friction dmg
perceptibly. Several investigations have been made
for fully turbulent flow to study skin friction over n
wide range of Mach and Reynolds numbers, boundary
layer noise, and effects of high accelerations of a body
on the flow. .

It has been well establkhed by tests in a number of
faciliti~ including rocket model test% that the effect
of blunting the otherwise sharp leading edges of cones
and flat plates is generally to move transition down-
stream. This effect has been explored up to Mach
numbers of 10 and to very high Reynolds numbers. It
has also been shown in recent years that moderata
amounts of cooling tend to delay transition, although
extreme cooling reverses this effect. Several research
programs have yielded additional information on the
phenomenon of “transition reversal due to overcoolirq+’
as may result when a body is heated rapidly on reenter-
ing the denseatmosphere. Perhaps the most important
new result is that bluntness on some bodies may aggra-
vate the reversal proc~ thus creating an interplay in
the amount of nose or leading-edge blunhws-sto be in-
corporated from the opposing effects of reversal and
theoretical transition delay due to bluntness.

Wing leading-edge sweep and shock interactions are
how to promote early transition. Wind-tunnel and
free-flight tests at Mach numbers up to 10 are continu-
ing, including configurations appropriate for hyper-
sonic boos&glide vehicles. One study has been direckd
at obtaining a better understanding of the flow mecha-
nism at a sweptw-ing leading edge using an X-ray
densitometer. Various flow Visualization teclmiquea
have been developed for general transition experiments
in both flight and wind-tunnel resenrch.

Heat Transfer

Experimental studies of the aerodynamic heatirtgof
various shapes of ‘blunt bodies applicable to reentering
vehicl~ such as ballistic missile noses, hypersonic
gliders, and satellitm ha~e been extenilecI to higher
temperatur~ Reynolds numbem nnd to Mach numbers
above 16 in some cases in flight, heated jets, wind tun-
nels, and shock tubes. Parallel theoretical work has
firmy establish analytical methods for crdcuhtting
laminar heat transfer to basic blunt boclies, and both
theory and experimentshave shown the lmge reductions
in heat transfer that can be obtained by making noses

i -–_xl

%adowgraphindicatingheat-protectingshockwavegenerated
at hypersonic speeds around gun-launchedmodel of n
Munt-nosa flare+tabilizedbody.

flatter or less convex One series of tests indicated n
slightly curved surface to have the lowest mmximum
heat mtes m well as the lowest total heating rates of o
number of bodies tested. Extension of the nose-flntten-
ing concept to concava bodies has been shown to lmve
further promise if the flow can be kept steady. Some
aerodynamic heating investigations have also been
made in a high temperature jet and in flight at
Mach numbers up to 14 to determine the effects of
erosion, roughness, and depressions as might be
intlicted on body noses by meteorites and flak. llx-
ploratory studies have been made of erosion by ion

bombardment using nn ion beam nppmwtus.



REPORT NATIONAL ADVISORY COMMI’ITEE FOR AERONAUTICS 33

Afterbody heating can also lie a serious problem on
reentering bodies. A principal controlling variable is
the local air pressur~ At low supersonic speeds the
air preswre on a boatta.ilafterbody is lower than free-
stream pressure. However, tests at Mach numbel~ up
to 14 have revealed that the afterbody pressure in-
creased systematically with increasing Mach number
and was several times the free-stream pressure at the
highest speed. Base heat transfer measurements have
been made on flared cone cylinder models and on sur-
fnces submerged in the wake of forebodes.

Although much of the above basic body heat transfer
resemch is pertinent to supersonic rLirmaft,hypersonic
boost-glide, and other hypervelocity winged vehicles,
considerable additional research has been accomplished
on other heating problems of such vehicles. The
wings of such vehicles are critical from a heating stand-
point and most configurations have regions of flow
interaction aggravating heating. Investigations have
been made of the beneficial effect of -wingkading-edge
sweep in alleviating the heating. Some of the investi-
gations have been of a fundamental nature using yawed
cylinders at speeds up to 6,500 feet per second to assist
in developing new compressibility theories. k other
tests, complete model cmdigurations with different
tmounts of leading-edge sweep have been investigated
in hot -jets,hypersonic wind tunnels, and tight at Mach
numbers up to 14.5. In one basic invwtigation of the
heat transfer at the body-wing juncture of hypersonic
nircrrtft, a small heating increase was shown as com-
pared to n flat plate reference value; in other cases
large effects have been noted. Intensive studies of
heat transfer to basic Ccmiig-rations are now underway
in a number off aciIitieswhere juncture effects, together
tith leading-edge blunting, transition, and shock im-
pingement effects me simultaneously amessed. l!fevf
‘(thin skinned” model constimctiontechniques have been
developed to permit thermocouple installation for heat
transfer measurementson more complicated conjura-
tions.

In mzny haat transfer investigations considerably
more emphasis is now being placed on studying the
important effects of angle of attack or ya-ivand pres-
sure gradient. In one rocket model experiment rolling,
the model was observed to have only a secondary effect
on heat transfer. Analyses have bwm made of the heat
trnnsfer to a high Mach number ramjet engine and to
subsonic and supemonic diiYusers. It has been observed
in -wind-tunneltests that a protuberance increases locaJ
heat transfer rates on the side of a model by large
amouniw$

Some research has been cuncerued with the flow of
heat through separated boundary layers. Theory has
predictd that the hcmt transfer through a separated
Iaminar boundary layer is roughly half of that through
m nttached layer. On the other hand, theory suggested

w greater J.lest transfer through a separated turbulent

boundary layer thari tlmougll an attached layer. Pre-

liminary aperiments hme iml.icat~ that the theoreti-

cal prediction is correct for the laminar case but in-

correct for the turbulent case, so that flow separation -
may have promise for reducing heat transfer in both

laminnr and turbulent flow.

cooling

Many types of advanced reentry vehicles will more

tlmn likely utilize some form of reinforced cooling in
critical al~as to overcome the heating problem ~

number of investigations are presently underway deal-

ing with transpiration, h, internal and ablation cool-

ing. The transpiration cooling process has been ~g-

erally investigated in hot jets and wind tunnels with

flat-plate models and with coniwl and flat-fa~d nose

shapes as well as a porous cylindrical leading edge US@

helium primarily ns a coolant. The effectiveness of

helitun transpiration cooling for body noses is also
being investigated in tight. Film cooling by upstream

in@tion of gaseous nnd liquid coolants is likewise

being investigated in the same marmer with various

shaped bodies laving conical, hemispherical, flat faced,

inverse hemispherical, and other blunt noses.

One cooling technique for reentry vehicles ireceiving
attention is underskin cooling by natural convection of

liquids. Both theoretical and experimental pro=mtns

am underway to determine the f ewibility of such heat
Sk Models of double-milled structunx are being
used to investigate the effectivmess of convection cool-
ing derived from the circulation of gases and liquids
within the mills. The effects of vehicle rotation on
the intelmalflow is also being evaluated.

Considerable effort has recently been expended in
investigating the basic theoretical principles of abla-
tion cooling. As a part of this work exploratory meas-
urements have been made of the effective heats of
ablation of a large number of materials and com-
binations of new materials in air jets at moderate to
high heathqg rates The ablation program includes
flight tests of several models at Mach numbers nbom
14. Considerable effort has been expended in the de-
velopment of suitable ablntion rate sensors for flight
application.

Air Properties at Elevated Temperatures

Flight at extreme hypersonic velocities and the ac-
companying high temperatures make it necesmry ulti-
mately to consider air as a real gas and not a perfect
ona Thermodynamic and transport properties of air
in the disturbed flow fields about hypervelocity vehicles
can deviate widely from ideal gas values due to dis-
sociation and ionization. & temperature increa~ air
becomes subject first to molecular vibratio~ then to
dissociation of the orjqgen molecules to form atomic
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o~gen and then to a similar d.iswsiation of nitrogau
molecules. Au analytical study has been completed
of the effect of oxggen vibration and dissociation in
one-dimensional channel flow. The effects of the rates
of the chemical and physical reactions were found to
be appreciable Theories for rates of reaction were
found to be in serious dka.gg ent indicating the need
for expmiments. A study has been made of the in-
fluence of the equilibrium chemical reaction in the air
on expansion flows past corners termed Prandtl-Meyer
flows. This type of flow has wide application in ana-
lyzing pressuks on wings and bodies. The influence of
the gas reactions was found to be subject to an exact
mu-dysis and the changes in flow properties were
considerable.

Theoretical studies of air at extremaly high tempera-
tures have yielded approximate analytical expressions
having “considerable value in engineering applications
in giving thermodynamic and transport properties of
air that agree closely with those obtained by lengthy
iteration methods.

Magnetogasdynamics

Ionization of air at high temperatures offers the pos-
sibility that airilow and hence heat transfer can be
altered by application of magnetic fields about a body.
The electrical conductivi~ of the high temperature gas
at the nose of bh.mtbodies is appreciable during critic.a,l
reentry conditions. Also, the conductivity may be in-
crem-edby seeding the flow -with easily ionizable ma-
terials such as the alkali metals Such ideas have been
theoretically explored aiid methods have been developed
for permitting estimates of magnetohydrodynamic ef-
fects on heat transfer and skin friction to be made for
cases hitherto unsolved.

K@netogasdynamim opens a vitally important pos-
sibility of the generation and acceleration in the labora-
tory of high-velocity plasma flows that truly simulate
hypersonic flight conditions, Considerable theoretical
and experimental vrork is being accomplished on key
problems, including electron diffusion, stability of
pkrrm flows, boundary-kyer flows in magnetic flel&+
rates of recombination of io~ and methods of ioniza-
tion and electron emission. Arc jets and low-pressure
seeded flows have been developed as ion sources.

There are indications that the conducting gas layer
about a hypersonic vehicle may create a seriousproblem
with regard to radio or telemeter tramm&ion. Theo-
retical work has been carried out suggesting the use of
ma~~etic fields to improve tmmmksion. Radio trans-

mission experiments are in progress using a cyanogen-
oxygen flame tied with potassium to simulate an
ionized sheath about abody.

Body and Airfoil Flow Fields

k understanding of the basic flow fields mound
bodies and wings is fundamental to many design ns-
pects of aircraft, misil~ and spacecraft. Several in-
vestigations of such nature have been completed or me
in progress at all NACA laboratories throughout the
spmd spectrum. These include airfoil pressure distri-
bution measurements, refinements in means of deter-
mining and reducing wave drag through area nnclmo-
menbof-area rule principles, generalized theoretical
studies of drag due to lift, generalized theoretical nnd
experimental studies of body and -wing-body flow fields
at Mach numbers up to 10, and improvement of nose
probe devices for measuring flow field characteristics.

Research Facilities and Teehniquee

An importmt part of the NACA’S effort in basic
fluid mechanics is continually devoted to exploring new
techniques and apparatus in order that advanced facil-
ities can be provided for research in the expanding
frontiers of fligh~ Along these lines considerable prog-
ress has been made in the use of helium for high Moth
number flows in wind tunnels. Advances have been
made in tunnel-wall correction techniques. Work has
continued in improving shock tubes to provide higher
Mach numbem and stronger shds. New shock tube
and ultraviolet absorption techniques me being em-
ployed for studying air dissociation and recombination
rates. Arc-powered wind tunnels and jets me likewise
being developed to push the limits of their potentirdities.
Continued effort is being expended in improving the
performance and utility of rocket free-ilQht test
vehioles.

The combustion of cyanogen and oxygen yields CO
and IS*at a very high temperature suggesting a number
of possible test uses which are being explored, for ex-
ampl~ (1) heat transfer and ablation without chemical
reaction, (2) chemical reaction effects mndwblation by
addition of contaminants to the hot flow, md (2) mng-
netohydrodynamics tests by seeding the flow with nn
alkali metal to obtain higher electrical conductivity.
A low-velocity burner has been seeded with potnssium
and a supersonic -jetis under construction.

A frw+piston compressor has been put into operation
in conjunction with a M=ll.2 nozzle. The feasibility
of usimgthe thermal decomposition of nitrous oxide in
the compressor has been demonstrated successfully.
~itrous oxide decomposes with the release of heat into
nitrogen and oggen in proportions closely simulating
air. lTherens for air the theoretical &al temperature
for a typical case is 6,000° F., the nitrous oxide decom-
position products raisathe temperature to about 18,500°
F. The compressor walls considerably lower thesetem-
peratures; nevertheless, indirect measurementshave in-
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dicated temperatures greater than 5,000° F. using
RitrOUS oxide.

HIGH-SPEED PERFORMANCE

All flight vehicles, whether an airphme, a missile, or
a space vehicle that is to be recovered, must fly thro~ch
the earth’s atmosphere. Many nerodynmnic problems
must be overcome to accomplish this flight objective
whether the vehicle is controlled by a human pilot or
artificially. The aerodynamic characteristics of reen-
try vehicles are of such importance that the penalty
for improper aerodynamic design is destruction. The
NACA has conducted analytical and experimental
studies to supply the information required for the so-
lution of problems of atmospheric reentry. At the
same time, work has continued on other problems of
flight within the atmosphere. A very brief descrip-
tion of some of this work is contained in the following
pmagraphs.

BalIistic Missil~ Satellit~ and Spacecraft C-on@m-
rations

Broad analyses have been made of the heat trans-
fer, atmosphere entry deceleration, and propulsion
problems of vehicles for satellite, lunar, and interplmm-
tary misions. SimplMed equations have been devel-
oped by which a wide ran=%of ilight trajectories can
be studied and important parameters varied so that
ilesi=~erscan readily visualize treni@ such as the effect
of entry angle, speed, dr~~, and lift. The analyses in-
cluded numericnl calculation of the trajectories for
round trips to the moon and the near planets using
ranges of thrusbto-weight ratio and specific impulse
typical of chemical rockets, nuclear rocketsj and ele~
tric propulsion systems.

Proposals for manned satellites have been based on
several desigg concepts such ashigh-drag blunt ballistic
confi~wtitio~ low-drag winged configurations, and
combinations of the two utilizing small wings or body
shaping to produce lift with high drag. The blunt
wingless vehicles depend on a concept developed at the
&nes Laboratory for the dissipation of heat due tm
aerodymunic heating. This is the concept that is used
for the nose cones of present ballistic missiies. The
winged vehicle utilizes lift to hold itself in the upper
regions of the atmosphere while its speed is gradually
reduced by drag forces; its heat is di@patsd largely
by radiation. The winged vehicle, be~~ a glider after
it enters the atmosphere, possesses the potential for
some deagee of control, thus providing a pilot with
a choice of land@ area. Ballistic hQh-drag vehicles
would land by parachute, and a pilot would have vir-
turdly no control over the lading point once the ve-
hicle entmed the atmosphere. The low-lift, high-drag
vehicle with small wings would also land by para-

chuta, although some aerodynamic control can be pro-
vided to permit a pilot to make limited correction for
errors in reentry angle or speed.

Studies of the many problems associated with these
three types of vehicles are continuing. Research on
reentry vehicles has been devoted to both blunt non-
lifting bodies of revolution applicable to ballistic
missiles as well as reentering satellites and to body
shapes which utilize lift in attempts to alleviate decel-
eration and aerodynamic heating problems. The high
decelerations that are imposed on an occupant during
reentry create a serious problem. Basic studies on
methods of controlling decelerations and heat transfer
of satellite vehicles and of predicting with reasonable
accuracy the range covered during the return of the
vehicle into the earth’s atmosphere have been initiated.
Ii one analythxd study of the entry of a general class
of high-drag vehicles having low-aspect-ratio wings,
the decder@ion, heating, and range were controlled by
programing the angle of attack as a function of sev-
eral measurable quantities such as initial fight-path
angle and wing loading. Another theoretical and ex-
perimental study has been made of the stabili~ and
heat transfer to basic bod.ks of revolution shaped for
minimum heat-transfer rates and suitable for ballistic
missile or satellite use. The aerodynamic and beak
transfer characteristics of bodies employing lift dur-
ing atmospheric entry me being studie~ and a shape
has been found which appears promising for manned
satellites from the standpoint of aerodynamic heating,
reentry deceleration, stability, and cmtrol. Some ex-
perimental investi=mtionsof the longitudinal character-
istics of blunt, wingless reentry codgurations at a
Mach number of 7 have indicated that simple fins or
flaps can provide satisfactory trim characteristics.

bother advanced fight concept that possessesaero-
dynamic problems akin to those of the winged satellite
vehicle is the boost-glide vehicle, so named because of its
mode of operation, which consists of rocket boost to its
cruising speed and altitude and a powerles+ glide to its
destination. Experimental and analytical studies have
indicated the f easibili@ of the booshglide flight con-
cept and work has been conducted in the NACA Lab-
oratories to provide solutions for many of the design
problems.

Three main problems are the achievement of required
lift-drag ratio% alleviation of the severe aerodynamic
heating, and provision of satisfactory stability. Ex-
perimental md theoretical work is being conducted at
all NACA Laboratories on the performamm and stabil-
ity of a number of boost-glide configurations. Wind-
tunnel and rocket-model tests are being conducted to
study the effects of body and wing plcmform geometry
on the lifhdrag characteristic at supersonic and hyper-
sonic speeds. Aerodynamic heating, stability, and con-
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Modelof a hypemonicboost glide vehiclebeing fIighttested
in a windtunnelto determinelow speeddynamicstability
characteristic during landing approach. Controls of the
hydrogen-peroxide powered model are electricdy activated
by ‘~iIots” outside tunnel through slack wires shown.

trol are also beinggstudied over the anticipated opera-
tionrdMach number and angle-of-attack range.

In addition to the reentry and glide phase of flight for
them advanced fight concepts, there is the problem of
launching the ~ehicles to the required speeds and cdti-
tudes. Some studieshave been completed and others me
continuing to provide information on booster vehicle
staatig, separation, ~erodynamic loads, and stabili~.

Airplane Configurations

Although the program of resemch into space has been
intensified, effort also has continued to improve the ef-
ficiency of flight within the atmosphere to the point
where supersonic fight of Q~hterand research airplanes
hasbecome routine. Aerod.ynmnic etliciencyis improved
by shaping the airframe to generate the required lift
with the least possible drag. Propulsive efficiency re-
quires that the rtir-brathing engine together with its
intake and exhaust systems yield the .ggeatestpossible
thrust for the lowest consumption of fuel. Structural
efficiency seeksthe lightest weight at greatest strength.

High-speed wind tunnels have been used advanta-
=wously to exploit the potential drag reductions sug-
~gystedby supersonic wing theory. The benefits of
sweepback have been systematically analyzed and new
studieshave revealed methods of accomplishing an ellip-
tical distribution of lift o~er the wing surface vvhich,in
theory, would result in minimum drag due to E& The
advantages of cambering and twkting win=- have beim
well established, and several supersonic airplanes now
in operational use or in development incorporate these
principles. However, the full potential of this approach
as predicted by theory has not been realized in experi-
ments and work is contirmiqg on this problmh. l?ric-
tion drag is a major portion of the drag of fipersonic
md hypersonic aircraft as well as the source of aero-
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dynamic heating. Research in this area has been pur-
s&d actively at-all NACA research facilities. -

New studiesof interference pressurefields show prom-
ise in supersonic design application. By properly shap-
ing an airplane the pressure fields resulting from inter-
ference betvveen various airplane components can be
mmdeto react favorably to improve flight efficiency nnd
stability. The study of the basic components of a ve-
hicle and how these components cm be combined is
essential to understmding the problems and providing
desiag information. Through the study of wings,
bodies, and wing-body combinations, the feasibili@ of
the advanced concepts and aircraft contlgurmtionsde-
scribed above has been established. Many of these fun-
damental studies have been conducted and nre continu-
ing. Considerable work has also been conducted on
cockpit canopies with regmd to shape and location on
the fuselage. Improper design of the cockpit canopy
can be a source of severe drag penalties.

Inlet problems, too, me of great importance in super-
sonic aircraft. Aside from the requirement of efficient
inlets, it is necessary that the inlets be located so as to
prodmm the lowest overall nirplane drag. Research re-
sultshave indicated that inlets canbe located to rdleviate
interferamx adversely affecting flight efficiency.

In addition to the aerodynamic interference between
the major components of nircrwft, the interference of
such elements as extend stores, missiles, and nacelles
can be important rmdhave been studied. With regmd
to nrkile interference effects, the aircraft flow field can
affect the missile-launching characteristics to the extent
in some severe cases that the missile could collide with
and destroy the parent aircrdt. Considerable work has
been done on the launching problem for both exterrmlly
and interntilly cnmied stores and missiles.

mRNAL F’Low
The performance characteristic= of supelaonic air-

planes and missiles with air-breathing engines me
strongly influenced by the overall etliciency of the en-
gine induction and exhaust systems. The prwure re-
covery of these systems must be high to obtain both I-L
maximum thrust for a given weight and a low rata of
fuel wmsumption. The components must be shortened
wherever possible to reduce weight. The overall drag
must be kept small and the propulsion system must be
capible of satisfactory operation at off-design condi-
tions. During the past year considerable reseamh has
been conducted to detarminemethods for improving the
performance of aircraft, and missile internal flow sys-
tems. At Mach nurnbemup to 3, the research has been
of a detailed na~ vvhereasat higher speeds the re-
search is of a more exploratory nature to determimethe
problems which musthe solved.
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Inlets

Considerable research effort has been expended dur-
ing the past year on inlet designs suitable for opern-
tion at high supersonic speeds. These tests hrwe in-
cluded all-internal contractio~ external-internal con-
traction, rtnd all-extarnal contraction inlets. Methods
investigated for improving performance over the oper-
ating ranag have consisted of boundary-layer control,
vrwiable geometry, airflow bypass, and location of the
inlet in favorable airplane pressure fields. in addi-
tion, methods have been developed for maintaining
high performance during angle-of-attack operation.

Severnl programs have been conducted in the area of
inlet dynamics and the experimental results of an inlet-
engine configuration have been correlated with a simple
theory. Two inlet control systems were also evaluated
and found to be effective in maintaining high inlet per-
formance with varying fight and engine operating
conditions.

A theoretical study has been concerned with the cnl-
cuhdion of the external pressures on inlet cowls and
the internal pressurw in internnl compression inlets de-
signed tQhave isentropic compression. Comparison of
a number of theories for computing the external pres-
sure on inlet cowls has been made to assess their ac-
curacy. Analytical studies have also been made to de-
termine the effect of surface temperature on the prop-
erties of the boundary layer handled by an inlet scoop
system. These results permit a prediction of bound-
my-layer-removal-systam performance at high speeds.

Exploratory studieshave been conducted on a variety
of inlets designed for flight at hypersonic Mach num-
bers. These investigations permit a comparison of the
performance of the basic types of inlets operating in
this flight regime and indicate many of the design
parnmetem which must be considered before efficient
hypersonic flight can be obtained. Since flight at hy-
personic speeds will require blunted inlet leading edges
to reduce heat transfer and to facilitate cooling, an in-
vestigation was conducted at Mach 3 to d&ermine the
effects of such blunting on off-design performance.

Inlet designs for a number of specific enginm and
airplanes have been investigated and methods for ob-
taining improved performance from these designs have
been found. Flight measurementswith several military
aircrdt have also been made nnd the actual inlet opernt-
ing charactmistim determined.

Ducts and Difhsers

During the past yenr subsonic di.iluser research has
been concentrated on a study of the effects on pressure
recovery and flow distortion of a difluser opernting
with or without a normal shock near the throat.
Boundary-layer shock interaction effec@ have been

studied and the effects of boundary-layer control in a
short di~r are being determined.

A basic investigation of the characteristics of a turbu-
lent boundary layer in a continuous adverse presmre
grndient is nlso in progress to determine a method for
minimizing boundary-layer effects in supersonic inlets.

Jet Exits

Several studies at transonic speedshave been made of
the effecik of jet exits on base and afterbody drag
characteristics. A comprehensive investigation of
cIustered, multiple exits was included in this progrnm,
and the performance of several jet-exit configurations
was determined. In addition, a f amiIy of divergmt
ejector nozzles was invwtigatd to determine the off-
design thrust levels that could be maintained, nnd n
series of convergent-divergent exhaust nozzles were in-
vestigated to determine the separation characteristics
at low-p~ ratios.

The interaction of the rocket nozzle flow and the
external aimtmam in the base region of several bnllietic
missile configurations has received continued attention.
Conditions for base burning and the general level of
base temperature to be expected were determined for n
number of con6gurntion variables as vveIl as for the
basic prototypes.

Investigation of a method of varying the effective
flow area of a convergent eshaust nozzle by aerody-
namic means was conducted on an unheated-flow duct
rig. Effective control was obtained and analytical ex-
pressions relating the performance with signiihnt de-
sign nnd operating variables were developed.

Several model jet deflectors were investigated to de-
termine the effects of des.iggvariables on their perform-
ance and opernting characteristics. Transonic tests of
the effects of a target-@pe thrust reverser have been
conducted, vvhile swiveled nozzles, auxiliary nozzles,
and mechanical nnd aerodynamic deflators which were
deigned to be adaptable to a wide variety of turbojet
exhaust systemshave been investigated in quiescent air.
Analytical expressions relating the peltiormancaof each
type deflector with significant design vminbles were
also determined.

AERODYNAMIC STABILITY & CONTROL

stability

During the past year continued study has been made
of factors affetiing airplane pitchup-a longitudinal
tibility discomforting to the pilot and often danggr-
OUS. Detniled experimental studies were made to in-
vestigate methods for eliminat@ or alleviating the
pitchup tendency; information was obtnined on the bf-
fects of such modi-ikations as changing the location of
the horizontal tail and wing, of modifying the vving
shape, and of adding auxiliary horizontal tails.
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The problem of providing adequate but not excessive
longitudinal stabili~ over the complete speed range for
high-performance airplanes has @o received additional
attention; this problem is of concern inasmuch as a very
stable airplane will not only be ditlicult to maneuver
but the large control deflections required for trim and
maneuvering will result, especially at high speech+in
large 1oM-Is,and high trim drag. Extensive wind-tun-
nel studies have hen made to determine the static
aerodynamic characteristics of canard configurations
which have been found to have some advanta~ over
convention@ tail-rearward dwigns. Analytical
studies have been made to study the tlight characteris-
tics of rLcanard airplane having various amounts of
longitudinal stabili~, and to investigate the need for
automatic pitch-damp~~ devim.

The loss of directional stability with increasing speed
and angle of atta~ chamcteristic of most supersonic
airplanes, continuw to be a design problem. Experi-
mental model studies have been conducted which indi-
cate the important iniluence of such factors as vertical
tail and ventral fin size; wing planform, dihedra~ and
location; and fuselage nose length and cross-sectional
shape. Guided by the results of such t+ theoretical
methods have been developed which enable accurate
desigg estimatesof the directional stability characteris-
tics of airplane conjurations.

Accurate prediction of the dynamic stability char-
acteristics of high-performance airplane-shas also be-
come of increasing importance to dtigners. Inasmuch
as questions concerning dynamic stability can usually
be resolved from a study of the rotary derivatives of a
particular aircraft, increased attention has been given
to obtainirg information on these derivatives for a
variety of con6gurations over a large angle-of-attack
range. With these and other stability derivatives used
as inputs into ground simulatom, studks have been
made of the abili~ of a pilot to control various air-
plane configgtions under different ilight conditions.
Particular emphasis has been given to approximating
the flight characteristics of the X–15 research airplane
as fully as posible before its actual high-speed, high-
altitude flights are initiated. -

Although much of the information obtained in studies
of conventional aircraft provide stability and control
information applicable to very high-speed airplane and
recoverable-satellite vehicles now being considered,
additiomd and higher speed studies are required to de-
termine the effect of the basic differences in such con-
fqpwations on the aerodynamic characteristics. Ex-
tensive studies have been made on several hypersonic
boos&glide designs to determino their stability and con-
trol characteristics over large speed rangeA Some of
the models have been studies in free iligh~ simulating
their characteristics in the low-speed, approach-to-

landing flight condition, and providing information on
the adequacy of the controls as -well as on the possible
need for artificial damping devices at them speeds.
balytical studies of the tight characteristics of such
vehicles have also been made.

Experimental and analytical investigations to de-
termine the stabili~ and motion characteristics of con-
figurations having lower lift-drag ratios considered
more suitable for manned satellite or spcecrnft during
flight back into the earth’s atmosphere have been ini-
tiated; the effects of fuselage nose blunting, stabilizing
fins and flares, afterbody shape, and various types of
controls have been studied experimentally. In addition
to high-speed wind-tunnel studies to determine the
basic stability and control characteristics of these con-
figuration low-speed information required to predict
landing characteristics have been obtained. ~~yti~
studies have been carried out -withspeciiic reference to
the dynamic stability of a hypothetical manned vehicle
which enters the atmosphere on a ‘skip-type” braking
trajectory, executing an upward turn to eject itself from
the atmosphem or to a less dense atmosphere to reenter
at reduced speed. A general solution describing the
dynamic stability and oscillatory characteristics of such
vehicles following any trajectory has been developed.

The current importmm of producing an effective
long-range ballistic missile and of developing methods
for combating them has resulted in an expansion of
.st.abili@and control research in these areas. Expwi-
mental static and rotary derivative data have been ob-
tained on a variety of configurations suitable for the
warhead stage of the ballistic missile as well as for the
previously mentioned studies of spacecraft entering the
atmosphere. The effects of configuration changes, such
as body-nose bluntness and afterbody shape, have been
extensively investigated. These data, together with
other calculated information, h~ve been used in analyti-
cal studies to estimate the trajectory, stability, and
aerodynamic heating during terminal descent.

(ksiderable effort has been devoted to the investi-
gation of the supersonic aerodynamic characteristics
of a series of missile models having configurations suit-
able for the interception of ballistic missile warheads,
Various means of providing stability and control on
td-af$ canard, and flared-body models have been
studied. Studies have also continued of the chmacter-
istics of more conventional, lower performance air-to-
air, ground-to-air, ground-to-ground, and air-to-ground
misilw.

controls

The increasing variety of airplane and missile config-
urations being desi=med has nccesshted a broader
lmowledge of the characteristics of conventional con-
trols and consideration of new concepts of control.
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Wind-tunnel investigations have bean made of such con-
trols as flap and spoiler-slot deflectors, di$%rentially
deflected (rolling) tam jet spoilers, and lataral blow-
ing jets to determine the effects of various wing geo-
metric parameters on the control characteristic. The
effectiveness of the canard control surfa~ previously
mentioned as being an attractive means of providing
longitudinal trim for high-performance aircrafi has
also been extensively studied.

Research has increased on jet-reaction controls hav-
ing application to flight at very lo-w speeds or high
altitudes where aerodynamic controls have reduced
effectivemxs. One investigation has been made of the
performance of a number of reaction control devices
having possible application to the landing of VTOL
aircraft and space vehicles. Analog studies have *O
been conducted to determine the effectiveness of re-
tiction-jet controls similar to those to be used in flight
tests of the X-15 research airplane.

Aerodynamic control systemsintended for low aspect-
ratio winged missileshave been studied over a range of
supersonic Mach numbers; the relative effectiveness of
tail, canard, swivel nose, and all-moving ~ con~o~
was determined. Other studies have been completed of
the effectiveness of body-flap controls for air-launched,
wingless missile coniiggtions; such mi.si.les require a
minimum of stowma-space and hence a minimum com-
promise of the drag characteristics of the missile-carry-
ing aircraft. Body-flap controls have also been studied
on missile coniigurntions considered suitable for hyper-
sonic antimissile use. In additio~ basic studies have
been made of vehicle control requirements for pro-
graming decelerations and heat transfer of vehicles re-
entering the atmosphere.

Model of a wingless air-to-air missile utilking a retractable
body flap aaa Iift-produhg control device.

Flying Qualitiea

The flying qualities of airplanes designed to have
very low or even negative static longitudiml stability
at supersonic speed (in order to provide low trim drag
and therefore increased range) have been studied
recently. The limit of negative stability that can be
tolerated, the effect of artificial pitch damping, and
other factors affecting controllability were investigated
from the standpoint of pilot opinion and measured per-
formance using a pilot-controlled analog simulator.

Several projects to determine the acceptability of a
side-located controller that requires an up-and-down
hand motion pivoting at the wrist for longitudinal con-
trol and a lateral hand or forearm motion for lateral
control have been undertaken. With this type of con-
troller it is easier to restrain the pilot’s arm so that
high-ac.cehmation levels will not introduce unwanted
controller motions Use of this type of controller also
clems the canter cockpit area which may then be used
to good advantage for navigational -mstmunentdisplays,
Another fundamental flight research project vvasunder-
taken to determine the nature of such factom as pilot
reaction time delay and response time in correcting air-
plane motions. Results of this research will aid in
dmigning control systemsto takebwt advantage of pilot
capabilities. The results are also of value in determin-
ing the validity of other human-response tests conducted
with ground simulators.

Investigation of the spin characteristics of models of
many specidic current and proposed military airplanes
h.a9continued utilzing the free-spinning tunnel. In
some cases force data on the complete model or the
fuselage nose alone have been required before proper
interpretation of model spin-tunnel data could be made
in terms of recovery charw%ristics for the correspond-
ing airplane. The results show that recovery from the
spin of some of the current-type &@htersis so di5cult
that it would be very desirable to avoid enter@ fully
developed spins This can best be accomplished by de
termining the most expeditious way of recovery from
the incipient phase of the spin. Preliminary testshave
therefore been made to study methods of effecting such
recovery on a scale model representing a current iighter
airplane. A recently developed helicopter-launched,
radio-controlled model technique has been utilized.

Flying quality research studies during the last year
have also given additional consideration to the factors
affecting pilot selection of land@-approach speed,
Dutch-roll damping, and lateral-control requirements
of several current fighter-type airplanes.

AUTOMATIC CONTROL
Missiles

Studies of missile stabilization and control have con-
sidered improved means of simplifying and analyzing
complex automatic control and guidance devices. Al-
though this program was initiated with reference to
air-to-air attack missiles, the rwults have application
to Otherchw?.esof mi&@ including bd.iStiC and anti-
ball.isti~ as well as tQ automatically controlled and
guided airplanes. Some of these studies are discussed
now.

Changw that occur in missile response charackmistks
to control deflections for varying f@ht conditions have
led b complicated methods of adjusting automatic con-
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trol pcmametars. In studying a number of simplifying
techniques, consideration has been given to a control
actuator whose torque output is proportional to the
input of the control system. Results indicate that such
actuators can simplify the control system and result in
accaptable target-miss distances.

A study has been made to detarmine the relative im-
portance of factors that plac13limitations on the mini-
mum obtainable miss distance for a missile navigation
system in which the missile follows a radar beam that
is tmckimgthe target. The factors considered were the
mdmral motio~ and steady-state acceleration capa-
bilities of the misile, target evasive maneuvers, and
radar angular scintillation noise. Simple correlation
equations expressing Iniuimu mmissdistancaintmms
of these factors were obtained. Possibilities for system
improvements were indicated. AIso studied were the
effects on the nveraagetarget-miss distance of limiting
the allowable acceleration of a beam-rider missile.
Contrary to intuitive thinking, the study showed that
miss distance decreased as the ratio of the limiting to
the desiaguacceleration increased when the guidance
system was designed for best performance at a given
acceleration.

The determination of optimum radar-noise i31tering
characteristics to be used in wezpon system design is
~merally a long and tedious process Studies of these
complex equations have been successful in determin@

“ simplMcations and approximations to enable eutliciently
accurate explicit solutions. From these results it has
been possible to answer in a qu”kntitativemanner im-
portant questions regarding the effect of the target
maneuver on the effectiveness of the guidance system.

Other work on improving missile systems indicated
the need for e.nlar=gingthe scope of titer theory to inc-
lude nonlinear considerations. This is due to the trend
of potential tara@s to fly at higher speeds and altitudes
where the maneuverability advantage of the defensive
missiie is lost- Under these circumstances present
theory is inadequate because the problem becomes a
nonlinear on~ A study was undertaken to generalize
previous theory by exploiting the intmtional use of
nonlinearities as a means of ~ miss distances.

Present theory dealing with noise contamination is
restricted to systemswhose design constants do not vary
with time of fligh~ However, many systemshave time-
varying constants. Studies have been carried out to
en.lar=nthe scope of the theory so as to be applicable
to these systems. Factors considered were target eva-
sive maneuver, radar glint no@ missile maneuver-
ability, and the inherent time-varying character of the
missile maneuvers. The resuIts of this and the pre-
ceding filter studies me applicable to many aircraft
interception systems.

The problem of storing air-to-air missiles on parent
airplanes has led to the consideration of vvingless or

very low &pect ratio missiles. These miesilw rely on
body-lift capabilities for maneuvering which require
large pitch and yaw angles. The effects of these large
angles on the performance of a navigation system was
investigated analytically. It was shown that rLprob-
lem requiring carefuI attention is space stabilization
of the radar antenna against body motions.

Guidance and control requirements for antibdlistio
missiles have been investigated, considering both aero-
dynamic and reaction controls Two types of intw-
ception were considered; one in vhich the relative-
approach speed is small compared with the target
speed, and the other where the relative-approach speeds
are extremely large as would be associated with head-on
interception. & part of this study, roll stabilization
of hypersonic vehicles was investigated. Considered
were the effects of large fuel expenditures nnd huge
dynamic pressure variations.

Aircraft and Spacecraft

Flight control studies of current high-performance
airplanes and advanmd airplane-design concapts have
included ways and means of providing automatically
stabili@ and control characteristics acceptable to the
human pilot for speci.dc taslcssuch as landing and tar-
get traoking, and completely automatic flight-control
where improved mission performance dictates.

S1ow airplane re9ponse to various control conmmnds
such M roll, yaw, and throttle advemely affects the
pilot’s ability to control an airplane in landing ap-
proaches. Flight studies conducted in smooth and
rough air with an airplane modified to provide artificial
variation of roll and yaw damping lmve provided
boundaries dehing acceptable levels of damping wnd
control response. Flight studies hwve also shown
automatic throttle control to be a promising TVWy
of allowing reduced speeds in kmding-appromch
maneuver-s.

@ many high-performance airplanes it is possible
for the pilot to exceed inadvertently the design loads
in accelerated and/or high angle-of-attack maneuvers
Analytical and ground simulatnr studies of an elevator-
motion braking device actuatid by normal acceleration,
pitching acceleration, and pitching velocity signals

were extended to tl.igh~ The fight studies indicate
that inadvertent accelerations will be limited to toler-
able levels

Other studies have resulted in the development of o
method of predicting the relative severity of pitchup
and the effects of aerodynamic modidcations and
stabili~ augmentation devices on several supersonic
airphmm with pitchup problems. An automatic
pitchup control system incorporating an angle-of-at-
tack sensing device ta retrim the horizontal stabilizer
as the C>itchup region” is approached and entered has
alleviated the pitchup considerably on a test mirphme.
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To increase the utilization of computer systems car-
ried on aircraft, it has been thought that some func-
tions need not be carried as continuous processes but
could be handled intermittently on a time-sharing basis.
Studies of ymw and pitch stabilization hn.voled to the
belief that discontinuous control systems could reduce
complexity and system power requirenmntsof airpkme
automatic control systems. A study has been made
of the application of sampled-data theory to an air-
plane with an altitude control system. Abetter under-
standing of switching criteria has been obtained and
should lend to useful desiagntechniques.

On future ~irplane designs it may be necessary to
tolerate marginal levels of static and/or dynamic
stabili~ for reasons of perforrmmce improvement and
to obtain desired characteristics by stabili~ augmenta-
tion. The problem of marginrd flight control charac-
teristics when the primary stability augmentation
system fails has been studied to determine whether the
pilot can cope with the emergency or whether secondary
systemsmust be provided.

An airplane which can have its longitudimd dynamic
response and control system characteristics varied has
been utilized in a study of control system dynamics.
Similar studies have been made on a ground-bnsed sim-
ulator. Insight hns been gained regarding the desired
dynamics of longitudinal control systems for airplanes
varying from transport types to those”proposed for
atmospheric entry vehicles.

Studies of airplane control systems where the pilot
controls the airplane through commands to an auto-
matic pilot were extended to trike into consideration
flight in rough air and flight at negative static stability
margins as may be encountered at subsonic speeds by
hypersonic designs. The systems invol~g angular-
rate command and normal-acceleration command ap-
pear to be able to cope with small degrees of longi-
tudinal instabili@.

The use of information derived from airborne radar
equipment tracking a target at the end of a runway
to assist in making an automatically controlled ap-
proach has been studied analytically. Such systems
would eliminate the need for ausiliary ground equip-
ment as employed in present landing control systems
and make use of radar equipment already carried on
mnny airplanes for other purposes. A usable airplane
control scheme has been devised.

Flight and analytical research has continued on
trncking control problems of current and projected in-
terceptor airplanw. Studies included consideration of
computer and radar display parameters for manual-
mode trncking nnd study of factors that affect fight
path stabfiw and aiming accuracy in attacks with an
nutornaticdly controlled interceptor, including con-
sideration of system changes to improve performance

against maneuvering targets. Studies were also made
of the effects of high closirg rates with consideration
of the effects of interceptor- maneuverability on guid-
ance systems designed for interception in collision
course attai.ks, and of nn automatically controlled in-
terceptor using bank-angle-error for lateral-control
commands

Piloting problems in exit and entry of manned flight
from the atmosphere of the earth expose the pilot to
an acceleration environment beyond his past experience.
A joint NACA-contractor-military service program in
support of the X–15 airplane program wns conducted
in a centrifuge to determine the effects of typical exit
and entry acceleration time histories on pilots’ ability
to control the airplane. Specific factors considered
were airplane stability augmentation and fight data
presentation to the pilot. Other studies with hyper-
sonic airplane type configurations have involved the
use of a gound-based flight simulator to investigate
damping requirements vvith regard to longitudinal,
lateral-directiomd, and roll modes of motion.

Prediction of the dynamic behavior of large vehicles
representative of ballistic missiles,hypersonic aircra~
or spacecraft during boost is complicated by the char-
acteristic lightweight< flexible structure, nnd the large
variable internal mass. In order to understand the
stability and control problems of this class of vehicle,
studies were undertaken considering autopilot and
thrust control response, aerodynamic forcesj fuel
sloshing, and structural elastici~. These studies have
given some insight to the problem of automatically
stabtiig complete high-performance vehicle systems.
Also the effects of reaction controls on the automatic
stability control and orientation of these types of ve-
hicles have been studied in the flight regimes where
low air density makes conventional aerodpunic con-
trols ineffective.

The fight dynamics of vehicles reentering the earth’s
atmosphere must be such that the vehicle does not
exceed limiting attitude angles associated with aero-
dynamic heating and/or other structural considerations.
Studies have bem conducted to determine the degree
of inherent aerodynamic or artificial stability required
for typical bodies. Studies have also been made of the
possible utilization of a man aboard a satellite for
piloting purposes. Considered were flight-data instru-
mentation as well as vehicle stabilization and control
requirements.

Preliminary considerations indicate that certain
types of satellites will require accurate placenmnt in
orbit and accurate control of attitude. h a generalized
investigation of satellite stabilization and control, con-
sideration was given to such matters as the enrth’s force
fields, internal power requirements nnd sources, con-
trol and sensing devices, and initial placement of the
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Electronic!?dnmlator Explores PilotingProblems

wit in left ba+owmd whichis free to rotate in pitch and
rcdl, coupled with electronic equipment in foreground, con-
stitutes one of a number of flight simulators which enable
study of piloting and control problems of high speed fight.
In view of the safety and economy of simulators their use
is becoming wid~reml.

satellite in the design orbit. The matter of attitude
control was given special consideration. Control s-@-
ternsconsidered include hydroa~ peroxide jets, inertia
wheels, and permnnent magnets thrtt react with the
magnetic field of the earth.

LOW-SPEED AERODYN.AMKS

VTOL and STOL Aircraft

Emphnsis in the field of VTOL and STOL aircraft
has shifted somewhat from basic configuration studies
to the broader problem of performance and stability
of complete configurations. Dynnmic models of two
propeller-driven, tiltiwing experimental aircraft have
been tested to determine the behavior of the aircraft
during the transition from hover~u to forward flight.
Jet-powered models of the tilting-engine and tilting-
wiqymd-engine types have also been flown. Full-
scale wind-tunnel tests of an unloaded rotor-type con-
vertiplnne have been made to investigate the vibration
characteristics of the wing-pylon-rotor combination
In addition to free-flight model and wind-tunnel texts
of VTOL and STOL aircraft, the NACA is becoming
augnged in flight tests of tesLbed VTOL/STOL air-
craft to invest&ate handling qualities as well as sta-
bility and control dmracteristics.

Merest continux in a wide vmie~ of VTOL/STOL
applications involving both propellers and jet power
plants. Recent investigations of a deflected slip-stream
model showed that improved hovering e5ciency is ob-
tained when the number of propellers along the wing-
span is increased, even when some overlapping of the
propellers becomes necessary. The large amount of in-

formation now available on deflected slipstreams has
been used as the basis for a semiempirical procedure for
predicting lift and drag in transition of this type of
vehicle.

Shrouded-propeller applications in the form of a
stand-on aircraft and multiple-fan ‘&ng jeeps” are
also being investigated in model flight tests. These
include investigation of the stability and control chm-
actaristics of two- and four-propeller arrangements in
both shrouded and unshrouded contiagpmtions. A sup-
porting program involves force tests of the same
models. Initial flight tests with the two-propeller
model showed that it required roll stabilization in
hovering flighk As forward speed increased, incensi-
ng amounts of roll stabilization were required. The
fight tests also showed that a greater angle of inclim-
tion was required to achieve a given forward speed
than was anticipated.

Jet Flaps

Research on providing grenter lift in order to im-
prove the landing and tnkeoff performance of airphmes
is continuing, with n significant portion of the effort
directed toward the augmentation of lift by means of
the jet-flap principle. Although some attention is still
be~u given to reiinemcmtof methods of providing’lift
by suitable location of the jet exhaust on the wing pro-
ille and to the effect of flap span, increased emphasis
is being placed on studies of the stability and control
characteristics of complete configurations and on noise
suppression possibilities of the various mrangements.
In addition to low-speed wind-tunnel studies, free-
flying models are being used to study the dynnmic sta-
btity nnd control characteristics of jet-flap mmnge-
ments flying at high-lift cticients. In these studies
various methods of providing longitudinal trim nnd
control are being used including dowmvurd-directed
fuselage nose jets, jet-augmented flaps on canard sur-
fa~ and varions tail sizes and locations. Models of
conventional jet-transport-type con&urations with jet
flaps have been flown at lift coefficientsup to 12, using
a nose jet f or trimming.

Two other jet-flap areasreceiving attention are cruise
performance and the large loss of lift in .gxmnd effect,
Research on ‘the ground proximity problem is con-
tinuing in static wind-tunnel studies and is being ex-
tended to inclnde takeoffs and landingg with flying
models. High-speed cruise perfornmnce studies hove
shown that the lift can be incrensed by blowing down-
ward through closely spnced holes along nnd near the
tm.iling eden

Propellers

bong the several means of achieving VTOL opern-
tion of airplane9 is the tilting propeller concept. Pro-
peller data (performance and strm) nre rather lim-
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ited at high angles of attack To attack the problem
of obtaining full-scale propeller data under conditions
typical of VTOL operation, a 8,000-hormpower tilting
dynamometer has been put in operation, enabling the
determination of isolated propeller characteristics un-
der full-scale VTOL conditions in a wind tunnel. This
includes operation at angl~ of attack up to 90°, cor-
responding to hovering and low-speed forward fight,
and dso at 180° corresponding to descemhg flight,
The characteristics measured include not only conven-
tional propeller ticients but also levels of blade
stressesencountered during the unconventional operat-
ing conditions. The first propeller type studied had
flapping blades designed with the intention of allevi-
ating the 1–P stressesencountered during high angle-
of-attack operation and to permit a lighter propeller,
although at the expense of a more complicated hub. In
descent conditions the propeller had flapping insta-
bility introducing unacceptably large strwses.

Increasing interest in shrouded propellem for VTOL
aircraft has prompted questions concerning their op-
eration at zero forward speed and low forward speeds
at high angks of attack Performance, efficiency, and
general desigg information is being gathered on a series
of shrouded propellers from zero forward speed to high
subsonic forward speeds, and from an&s of attack
from 0° to 90°. In addition, a systematic investiga-
tion has been started to determine the low-speed and
hovering characteristics of shrouded propellers operat-
ing in the presence of wings and in the chord plane of
wings.

An investigation of the aerodynamic characteristics
of propelhms designed for transonic forward speeds is
essentially complete, utilizing a propeller research air-
plane. Three propellers were tested in conjunction
with several spinners. Two propellers were desigged
for a forward Mach number of 0.95 and the third for
a Mach number of 0.82. The first vvas a true super-
sonic propeller; the second a modified supersonic pro-
peller; and the third, a transonic propeller. Efficien-
cies as high as 80 percent were measured tt a forward
Mach number 0.95 with the supersonic propellers.
Minimum thiclmes-ratio distribution vw determined
to be the most important parameter in the desigg of
propellers for transonic forward speed. Although all
the propellers were noisy, the investigation indicated
that supersonic propellers provide an attractive means

‘ of propulsion for long-range airplanes in which econ-
omy of operation, flexibility, and high static thrust are
important.

SEAPLANES

Hydmdynmnic research of both a basic and applied
nature is progress~m toward improving hydroski and
hydrofoil development as well as seaplane configura-
tion development having improved supersonic perform-

ance. At the same time a substantial amount of
research has been initiated on underwater-launched
missiles and on the -water recovery or landing of
manned spacecraft and hypersonic boost-glide vehicles.

Hydroskis

Fundamental research on hydroskis in the submerged
and planing regimes has continued with the derivation
of a tied method for calculating the lift of a rec-
tangular flat plate in both regimes. Experimental in-
vestigations are likewise continuing on the effects of
upper surface camber on a submerged surface and of
longitudinal convexiQ- on the bottom of a planing sur-
face. Studies have been made of the characteristics
of a submerged hydroski having rLshape easily adapt-
able to practical construction methods, suitable means
of reducing the spray of such elements during emer-
~wce and planing, and the iniluence of mutual -wakes
in multiple hydroski installations. Applications of
the ski concept have been investigated on models of
fighter aircra~ guided missiles as a recovery device,
and hull-type seaplanes as a load-alleviating device.

Superactivating Hydrofoils

The new concept of using supercavitating hydrofoil
sectioDson -water-basedaircraft elementsto combat the
adverse effects of l@h -waterspeeds has been Vibgmously
pursued both theoretically and experimentally. Ana-
lytical methods for dealing with ventilated as -well as
supercavitated flows, effects of aspect ratio, depth of
submersion, and development of optimum sections have
been derived and veriiied by model tests. Design charts
to facilitate routine use of the theory have been devised.
The physical proces of ventilation is becoming better
understood by the use of new methods to visualize the
complex flows associated with this phenomenon. At-
tention is being given to practical application by in-
vest+gd.ion of structurally sound, surface-piercing
arrangements such as highly tapered monoplanes, bi-
plamx+and cascades -withend plates. A speciiic appli-
cation of two supercavitathqg hydrofoil systems is
being investigated -with a model of a full-scale testi
bed airplane. The ability to accept highly cavitated
flows at high water speeds gained in the research on
hydrofoils has also led to investigation of supercavitat-
ti Pr~CiPICSapplied to ~de~ater mi=iles.

Hull-Type SeapIanes

Research on hydrodynamic cunfigyrations and evalu-
ations of advanced water-based aircraft concepts or
preliminary design coniig.mtions has remained a sub-
st@ial part of the hydrodynamic effort. TVithincreas-
ing interest in hydro-ski and hydrofoil solutions, the
continued usefulness and versatility of the flying-boat
hull have not been neglected. Experimental investiga-
tions have been continued in this area over a wide range
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of requirements from the very low landing speeds as-

sociated tith antisubmarine warfare seaplanes to the
very high landing speeds associated with supersonic
attack aircraft. The con&mations of interest have

included those of large transonic transport aircra~
bomber aircraft, and small supersonic interceptor air-

craft. IX one series of txsts of supersonic attack
bomber-@e cmd+gumtions, attention has centered
on means of obtaining spray clearance f or air-breattig
engine intakes and various hydrodynamic features for
water takeofls and landings. An investigation to deter-

mine the comparative rough-water capabilities of hulls,
skis, nnd hydrofoils for such aircraft is also in pro-.

Recovery of Spacecraft and Hypersonic Glide
Vehkk

New horizons in the evolution of water-based aircraft
have appeared in the form of manned hypersonic boost-
glide vehicles and spacecraft which must be safsly
“ditched~’ or recovered after flight outside the atmos-
phere. Hydrodynamic investigations have accordingly
been initiated of the water landing characteristics of
typical satellite vehiclw, inclu~~ both high-drag
winged and wingless reentry types. It is antici-
pated that through further researc~ the decdera-
tions msociated with water entry in favorable areas on
the earth can be kept within reasonable human and
structural tolerances.

Hydrodynamic Facilities

lhvestigation of the use of a small high-speed water
jet to obtain fundamental hydrodynamic data has been
completed. It was concluded,that the use of a simple
slotted boundary for such a jet reduced the boundary
corrections on planing lift to a point where direct agree-
ment with to~m i%mlr data could be obtained at high
speeds for a wide range of test conditions. & im-
proved to~~ carriage for the Lan@ey high-speed
hydrodynamic facility is being provided to increase
the range of water speeds available by conventional
tank procedures.

ROTARY WING AIRCRAFT

Performance

The extension of basic rotor theory in accordance
with anticipated state-of-the-art changes has &n a

continuing process Current efforts relate primarily to
clarification of rotor force and blade-flapp~o phe-
nomena for the severe flight conditions brought about
by the considerable increases in installed power -which
are evident in new designs. This work utilizes pub-
lished numerical proced~ in conjunction with elec-
tronic computers and full-scale experimental setups.

Limitations of helicopter speed due to retreating
blade stttll have been largely based on pilot reactions

to roughness caused by the blade stall. A technique
has been developed whereby the beginnhg of this blade
stall can be detected readily under high forward-speed
conditions. This is accomplished by monitoring blnde-
pitching moments and power input so that blade stall
can occur to a measurable but not catastrophic degree.
As a consequent+ it has been possible to estnblish the
allowable increase in forward speed for a rotor of n
tandem helicopter remlting from a change in blmde
section from a symmetrical to a cambered section. A
20- to 25-percent increase in forward speed at the same
weight or a 15-percent increase in gross weight nppenra
posible.

Investigations are in progress to determine the static
aerodpmnic characteristics of helicopter rotors opemt-
ing at tip speeds up to 900 fps. The effects of centrifu-
gal forces on the rotor-blade boundary layer, tip flo~v
field, and varying stall or compressibility areas over the
rotor in forward fright are also being studied. Rotols
having a wide range of blade-thickness ratios, thickness

form, and leading-edge radius have been tested. These
investigations have resulted in succadul attempts to
“synthesize” airfoil data from rotating rotor teds.
Such data are expected to provide greater rLccuracy in
the calculation of the forward flight characteristics of
rotor-sopemting at high tip speeds.

Vibration

As helicopters have become larger and more flexible,
the magnitude of the vibmtions associated vvith tllero

has increased. The use of the helicopter for longer
military &ions and the increasing use of helicopters
in civil applications have made the present vibration
levels an increasingly serious matter. The desiager is
frequently unable to predict vibration sources ancl to
provide methods of alleviation.

As a result of the increasing importance of this prob-
lem, a flight investigation was made to measure the
vibration encountered by a specially equipped tandem
helicopter. The first phase of the project involved the
development of a method for measuring rotor blade,
fuselage-coupled frequencies in fight- The technique
involved the use of a mechanical shaker mounted in the
helicopter. The results indicated that the method de-
veloped would provide i satisfactory means for fight
testing of prototype helicopters for coupled frequency
effects

The project was extended to include the measurement
of relative aerodynamic inputs for several flight con-
ditions, of vibration effects due to blade out-of-track,
and fight vibration mode shapes, through use of mag-
netic tape data recording. Vibmtion was only slightly
increased -whenthe blade out-of-track was less than 1
inch. However, as the out-of-track increased to slightly
over 2 inches, the vibration became nearly intolerable,
Th~ efforts have not resulted in a state of knowledge
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which will permit satisfactory prediction and reduction
of helicopter vibrations; however, use of the research
technique holds promise for the attainment of this goal.

Stability and Control

Stabilib and control studies utilizing a variable-
stability helicopter hmvesucceeded in determiningg the
degree of improvement attainableby increased damping
and control power during instrument-fight landing
approaches.

Low airspeed flights, including efforts to hover over
rLground reference, ham been conducted under simu-
lated instrument conditions with a single-rotor heli-
copter having electronic autopilot-type components
which permit alteration of the apparent (to the pilot)
stability and control characteristics of the helicopter.
By means of these components, systematicvariations in
such parameters as control power>damping b roll>yam
and pitc~ stick force gradient and stabilization about
each axis can be evaluated singly or in combination.
The results contirm earlier work showing that improve-
ments in handling qualities result with increases in
damping. Also there is a large range of damping values
within which desirable control powem are independent
of the damping. However, as the damping is increased,
the allowable mrmixnumcontrol power tends to increase.

A device that supplies signals to the pilot’s instru-
ments to indicate helicopter position and rate of change
of position with respect to a ground reference, m well
as helicopter altitude over the ground, has been con-
structed. The purpose of the device is to permit hover-
ing on instrumentsso that handling qualitiesin hovering
may be investigated. Au additional device is also being
constructed which will provide position and rate si=gals
to the pilot in the form of stick forces.

Current efforts to asist in modetiation of military
flying qualities specifications for helicopters serve to
emphasize both the value of the damping and contxol-
power work completed and the need for more informa-
tion; for exampl~ how to apply the results established
for helicopters of typical size to size extremesvvhichcan
range from 250 to 100,000 pounds gross might. As
one step in learning possible effects of size, and also the
effects of grow chmges in the ratio of rotor inertia to
aircraft inertia, brief tests have recently been com-
pleted with a tip-jet-driven helicopter of far snmller
size but of higher relative rotor inertia than any pre-
viously tested. Certain beneficial effects related to high
rotor inertia were rea&ly apparent and led to additional
comparative tests v&h more typical designs. Correla-
tion of these results vvith those obtained with other
larger helicopters is continuing.
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POWERPLANTS

During the past year, the NACA increased its effort
on studies of those powerplants believed to have po-
tentirdasspace propfiion systemsand secondary power
sources, The fit results were presented at the NACA
1957Flight Propulsion Conference, given at Cleveland
in November 1957, 1 month after Sputnik I. This clas-
sified conferemm encompassed analyses of space mis-
sions, chemical propulsion system9,nuclear propulsion
systems, electrical propulsion systems, auxiliary power
systams,and propellants.

The conference also presented an NACA survey and
assessmentof air-breathing engines required for a “next
generation” of airborne vehichx. Data, technology, re-
search requirements and potenti~ with reference to
turbojet and ramjet engines for flight from Mach 4 to
Mach 18 were discussed.

SPACE PROPULSION

Analyses of satellite spma vehicle problems and in-
&rPlanetary space missions have been made. These
analyses, while based on present knowledge and there-
fore very preliminary, have led to certain broad con-
clusions concerning the relative merits of various pro-
pulsion and auxilkry power systems and have helped
to delineate the many areas of propulsion rwearch that
will be of increasing importance for space applications.

Auxiliary Electric Power

Systems using solar energy (solar batteries and solar
turboelectric systems) involve the leastweight for power
requirements up to a few kilowatts, provided almost-
continuous operation in the sun is possible. If only
half time is spent in the sun, a number of systems are
competitiv~ including radioisotope hydrogen-oxygen
cells and radioisotope turboelectric systems. The nu-
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Figure l.—Wei@ta for kiIowetteof electical power.

clear turboelectric system tithout shiel~u is also com-

petitive in this range of power, but shielding require-

ments, particularly for manned vehicles, may rule it
OUL Chemical batteries are competitive weightwise
only for durations of operations of the order of a few
days. The required voltage must also be considered in
selecting auxiliary power systems. (Figs. 1 and 2.)

Satellite Sustainers and Orbit Control

For periods of operation of the order of 100 to 200
days or l% a low-thrust chemical rocket can provide
the required propulsive energy without excessiveweight ,
penalty relative to electric systems. Particularly, if
rapid orbit changes are required, the chemical rocket
seems to be the only feasible propulsion system. For
very long durations, or f or permanent satxdlit~ electric
propulsion systemsusing solar energy or nuclear energy
require l= initial weight or resupply -weightthan chem-
ical rockets.

Lunar and Mars Journeys

Many missions involving trips to the Moon and Mars
can be accomplished without excmsive weight penalty
with high performance chemical rockets. These miE-
sions include one-way instrumenkl journeys to the
Moon and M% and manned trips to the Moon. Elec-
tric propulsion systems seem undesirable for the Moon
trip because of the long times required for the journey
compared with those required for high-thrust rockets.
For manned trips to Mars, however, electric propulsion

SIMPLIFIED CYCLE ARRANGEMENT
TWOLOOP

ELECTRICAL./ m
GENERATOR A

CO14PRE
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Figure 2.—Anxiliery power km nnclcar turbo-electic
eyetem.
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systems reqti only moderately more time for the com-
plete journey than the chemical rock% and their ad-
vantage in initial weight becomes greater and greater
as the size of the expedition increases. Of the electric
systems considered, the nuclear turboelectric, the solar
turboelectri~ and posibly the fusion-powered systems
are capable of supplying the required electric power
with suiliciently low-weight. Of the thrust generators
considered, the ion-electric accelerator appears to be
most promising on the basis of current technology.
(I?ig. 3.)
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Figuro 3.—Electic spacecraft for round trip to Mars.

The low-pres-wq high-specitlc-impulse nuclear
rocket is competitive with electric systems for large-
scale Mars expeditions and has the advantage of higher
thrushweight ratio. It has the disadvantages that
much higher temperatures are required than in the
electric systems and that hydrogen must be used to
attain the required high specific impulse. The latter
requirement may impose severe storage difficulties for
long-duration journeys.

Another advantage of the electric system over both
the nuclear and chemical rockets is the resupply ad-
vnntabm. Since the electric system has the higher
specfic impulse, its propellant replacement -weight is
much less than that of the chemical and nuclear rockets.

PROPE~S

A contin~o need exists for accurate and up-to-data
theoretical performanm data for a large number of
rocket propellant combinations. A program for auto-
matic computing equipment to permit calculation of
the theoretical performance of any rocket or ramjet
propellant has been set up. Calculations of the theo-
retical performance of many propellant combinations
me kept up to date by a continual revision of the ther-
modynamic data necesmy as various research organi-
zations determine that data. (Fig. 4.)

Although the emphasis on rockets has grown con-
siderably, work has continued on fuels for air-breath-
ing engines, especially on the problems of applying the
boron-hydride fuels.
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Figure 4.—High energy fuels increase range.

COMBUSTION

Combustion r-arch has been directed tmwrcl
studies of the vigorous combustion of high-energy fuel
systeti and rocket propellant combinations. .

The value of ga9 analysis m a diagnostic tool for
turbojet combustor research was demonstrated. It ap-
pears that the technique may also be of odvantage in
rocket research. In the turbojet combustor, estinmtes
were made of local, rather than overall, fuel-air ratios,
efficiencies, and heat release rates.

With the trend toward higher combustion tempera-
tures that me associated with high-flight Mnch num-
bers in air-breathing systemsand with the uw of rocket
engines, studies of the physical chemistry of the burned
.fywesare becoming more impoht. The rate9 of re-
action and recombination in the burned gases are of
special importance and nre being studied. The effects
of chemical reaction on heat transfer from combustion
and other high-temperature gases are I&o under
investigation.

Rocket combustion is a complex phenomenon involv-
ing many simultaneousphysical and chemical processes.
The rates of individual processes have been studied in
order to predict overall performance in terms of the
slowest rates. Detailed calculations of the evaporation
rates of vnrious rocket propelhun% have shown great
promise for comput5ng rocket performan~ and a meth-
od relnting the performance to the quanti~ of liquid
propelkmt vaporized has been devised. Tlm relation
indica% that incomplete vaporization is responsible
for combustor inetlicienq.

COMPRESSORS

Over the past 15 years the results of resmrch on
compressors for turbojet engines have been reported in
numerous publications. In the majority of instamx,
each of these reports presents only an incremental bit
of information which taken by itself may nppenr to
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have only limitedvalue. Taken altogether and prop-
erly cmrelat+ however, this information represents
sigdk.ant advances in the design of axial flow com-
pressors. The NAC& therefore, has compiled and as-
similated into one report, virtually all of the advanced
axial flow compressor technology.

During the past year, primary emphasis in com-
pressor research has been on high-performance tran-
sonic and supersonic compressors for supersonic air-
craft gas turbine engines.

A method was developed for the prediction of the
off-deeign performance of axial-flow comprmors. This
method is consistent with a framework of equations
rmd blade-element performance correlations commoily
used in compressor des& and represents an attempt
to provide a more general off-design performance pre-
diction procedure than “stage-stacki@’ techniques
which use assumed stage performance data. The per-
formance of a rotating blade row was predicted, using
this method, and compared with the experir&ntal per-
formamm characteristics. At rotor-tip speeds that m-
resultedin low relative inlet Mach numbers, computed
performance was in good a.wement with the experi-
mental data. For high speeds, vvherethe basic cascade
dnta me not so applicable, a narrower wu%factcny op-
erating range was predicted than was obtained ex-
perimentally. It is believed that the discrepancies can
be reduced by improvement of the estimation of high
Mach number effects on blade-element performance.

PUMPS .

A major part of the turbomachinery research effort
has been directed at the problems of liquid pumps for
rocket engine application. The objectives of this re-
senrch are to increase operating limits of pumps, to
reduce size and weight, and to provide pumps capable of
operating with high-energy propellants. Initial re-
search in this area involved the application of com-
pressor design techniquw to rocket pumps. The major
problems were considered to fall into two categories:
(1) cavitation, and (2) allowable loading (or veloci~
grndients) on pump blading. Fundamental research
on the phenomenon of cavitation has been started, with
emphasis on cryogenic fluids. In the cntegory of blade-
loading research, programs have been started on both
centrifugal and axial-flow pumps, to establish blade-
londing limits.

A study of flow-starting transients in a rocket was
completed. A contlgumtion ccmsist@ of a tank, suc-
tion line, constant speed pump (with bypass), variable
flow-control valve, injector, and rocket chamber was
ttnalyzed theoretica~y. From this study, it was found

that the time history of the main flow control has a
decisive effect on the inIet pump head.

As part of the research program on pumping of

cryogeni~ a study was made of the conditions existing
in a closed cryogenic container that typiiied a rocket
propellant tank. This study showed that surface
temperature controlled the pressure in a closed cryo-
genic container and veriiied the existenceof temperature
gradients in the liquid.

TuRBINEs
One phase of the turbine research program considered

fundamental aspectsof turbine design and performanc~
These studies are applicable b turbines for air-breath-
ing engines as well as to turbodrives for rocket engines.
& the culmination of some of this basic turbine re-
search, an analysis (wjth substantiating experimental
data) was made to e&ablish turbine e5ciency in terms
of basic turbine design parameters for a range of tur-
bine work and speed requirements and for various types
of turbines.

A large part of the turbine research effort was di-
rected at problams of turbodrives for rocket applica-
tions. These applications are characterized by very
high work per pound of work@g fluid. The basic ob-
jectives of the research are to obtain high turbine effi-
ciency, to reduce turbine size and vveight, and to evolve
turbines capable of operating in the vvorking gases of
rocket engines using advanced high-energy propellants.
The initial phases of this turbodrive research included
certain basic studies intended to establishreseamhneeds
in the field. balyses are being made to establish the
effects of turbine-inlet temperature and turbine exhaust-
=wsthrust recovery on missile perfornmnce. A method
was developed for determining turbine design character-
istics for rocket turbodrive applications. A facility is
being built to determine the effect on turbine perform-
ance of using cryogenic gases as the working fluid.

TURBINE COOLING

Turbine-coooling research was directed toward the
study of air-cooled turbine blades that will be capable
of operating at gas-temperature levels of 500° F. or
more above those temperatures currently being em-
ployed in aircraft gas-tnrbine enginw.

Research, using full-scale turbojet enaties as test
vehicles, was continued on shell-supported blades and
strutisupported blades. The shell-supported blades
offer very good heat-transfer characteristics and a relw-
thly lightweight blade. Strut-supported blades offer
very good heat-transfer characteristics but are heavier
than shell-supported blades. Blades with porous shells
for transpiration cooling were also investigated; such
blades will theoretically cool more etlicientlythan other
types of blad~ but contiol of porosi~ and the obtain-
ing of sticient strength in the porous material are
major problems. (Fig. 5.)
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Special studies of the cooling problems in the lead-
ing-edge regions of cooled turbine blades were inaugu-
rated by investigating the cooling of small airfoils in
a tunnel capable of operating at gas temperatures up
to 3,0000 F.

A special enagineincorporating an’air-cooled turbine
stator and rotor for making full-scale engine investi-
gations under actual high-temperature operating con-

ditions is being prepared for operation. In order to
provide turbine blades for this engin~ it was necessary
first to in~estigate a number of problems such as braz-
ing techniques, effect of brazing on material strength,
attachment of blade shell to blade base, and heat treat-
ment, that are associatedwith air-cooled turbine blades.
These problems have now been resolved, and a set of
cooled blades for the engine has been fabricated and is
now beiig instrumented prior to imtallation in the
engine for research purposes.

An analysis of heat transfer and flow in boundary
layers with variable fluid properties in the entrance
region of smooth tubes and flat plates was comp19ted.
Also completed was an analysis on the effect of variable
fluid properties on free convection, and an analytical
and experimental study of laminar heat transfer in a
vertical circular tube under combined forced and free
convection. A new method for measuring residual
stressesin disks was devised and analytically confirmed.

ENGINE CONTROLS

Emphasis on control research has been directad
toward rocket engines, together with initial explora-
tions of nuclear rocket and other space propulsion sys-
tems. Research is underway on rocket fuel systems
with respect to such items as the dynamic chmacteris-
tim of long hydraulic lines, dynamics of centrifugal
pump% combustion chamber pressure contiol, and
propellant mixture ratio control. A study of the re-
quirements of rocket engines and reaction devicm for
control of the trajectory of missiles has been initiated.

A major effort is being expended in an attempt to
correlate analytical expressions for the dynamics of
rocket components and for rates of propelhmt vapor-
ization with experimentally observed liquid propellant
rocket motor instability. The ultimate goal in this
-work is to permit accurate prediction of rocket insta-
bility and to determine design criteria for rocket scaling
and for development of variable thrust rocket motom.

An analysis of control requirementsfor nuclear turbo-
jet propulsion systems was initiatad. System com-
ponents were analyzed, reactor kinetics were simulnted
on an analog computer, and nuclear reactivity was
determined.

The dynamic response of supersonic diffusers to dis-
turbanc~ in downstream conditions was am-dyzed.
The analysis included the shock motion in the diffuser
as a function of downstream pressure disturbrmces,and
the response of subsonic difluser pressures to disturb-
anc.e9in fuel flow for ramjet engine-s. Tlm analysis
relates the various dynamics to the particular operating
conditions and to the physical dimensions of the system
considered, and thereby makes possible control design
prior to physical testing of the system.

Turbojet engine performance was investigated ex-
perimentally with several configurations of interacting
multiple loop controls to determine the mode of control
required for obtaining optimum rotor speed and turbine
discharge temperature transient response chmacter-
isties during (1) thrust increase and (2) afterburner
ignition, with manipulation of engine fuel flow and
exhaust nozzle area. Good engine transient perform-
anc~ near the design point, was obtained with a control
system in which engine speed was controlled by exlmust
nozzIe area and the turbine-discharge temperature was
controlled by manipulation of the engine fuel flow.

POWERPLANT MATERIALS

High Temperature AIIoys

Despite the extensive test work done in the past which
has establishedgood correlations between stress-rupture
data in the laboratory and service life in engines, several
questionshave remained unanswered. One concerns the
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effect of “overtemperature” operation on the life of
turbine blades. Since the stress-rupture life of the
material may be shortened by overtemperature in a
stress-rupture test, does it follow that engine life is
affected by overtemperature operation? Does reheat
trenting the blades help?

To answer thesequestions, a recent study was made of
S-816 (a cnbalt-base alloy) blades overtemperatured in
J+i7 engines. b example of one of the conditions of
overtemperature encountered was engine overspeed by
4 percent, with tailpipe temperature about 200° F. over
normal, for an unknown period of time. These blades
were removed from service and tested in a laboratory
J+t7 engine under repeated cycles of 15 minutes ratd
and 5 minutes idle speeds. Strm-rupture* md
metallographic examinations were made in an attempt
to correlate properties and microstructure with engine
results.

It was found that overternperatured buckets did not
fracture in service in abnormrdly short operating times.
Cracking, particularly on the leading e% was the
principle mode of failure of buckets. Although cracks
developed after short operating tim~ they did not
propafpte ta fracture during several hundred hours of
operation. The overtmmperatimxl buckets failed in
stress-rupture tests in shorter periods of time tham
buckets directly from stock and also failed in shorter
periods of time than the overtemperatured buckets
which had bem subsequently heat treated. In fao~
full rehat treatment of overtamperatured bucke~
using the standard heat treahnan$ increased the resisb
ante of the blades to leading edge cracldng and also
improved the stress-rupture life of the material. Such
buckets performed both in the engine and in stress-
rupture tests equivalently to new standard buckets.

A laboratory investigation of overheating indicates
the complexity of the high-temperatum alloy studies.
In this investigation, periodic overheati were conducted
at temperaturesto 2,000° F. both with no stressand with
stresspresent. (No engine tesix~ere performed.) The
alloy studied was a nickel-base alloy, M–252. It was
found that periodic 2-minute overheats to 1,900° or
2,000° F. very substantially increased the rupture time
of M-252 alloy at 1,500° F., provided no stress was
present during overheat. Such overheating was dam-
nging only if a suilicienthigh stresswere present to use
up a signMcant proportion of total rupture life. How-
ever, when M–252 alIoy is repeate~y overheated to
1,650° and 1,800° F. in the absenceof strw, the rupture
life nt 1,500° F. is reduced. In the presence of stress,
however, the damage is less than anticipated. Con-
sequently, if stress is presmt it must be quite high to
do any significant damage.

Physics of so~da

The aim of the physics of solids research is to provide
basic lmowledge to aid in the development of materials
for use at very high temperatures and in chemically
aotive atmospheres Among the problems under study
are the chemical reaction of materials in certain en-
vironments -which may be affected by nuclear reactor
design, aerodynamic heating, and flight in the upper
atmosphere.

Platinum has long been known as an inert metal; in
fact, it has been the standard crucible material used in
chemical analysis bcwmse of its rwktance to oxidation
hnd direct flames and its resistance to attack by rather
active chemicals. Previous studies of the rates of oxidw
tion of platinum at temperatures to 1,400° C. in molec-
ular oxygen have indicated a very low oxidation rate.
However, recent studies conducted at th= temperatures
and at pressuresbelow 0.1 millimeter of mercury have
indicated a very marked increase in oxidation rate at
low pressures. These resultsappear c@xadictory when
one considers the prwsureofagasisamewmreof the
concentration of the gaa However, the studies have
been conclusive and ind+mte that previously observed
rates under relatively static conditions may be in error
when dynamic conditions, namely free motion of the
gase% is present- At pressu.reisabove 0.1 millimeter of
mercury, oxidation is strongly inhibited by back reflec-
tion from the gas.

LUBRICATION AND WEAR

Bearing Research

In recent years the statistical desibgnof experiment-s
hasfound favor as a device for planning experimental
research. Many factors which affect the course and
results of an experiment cm be varied simultaneously
and their effects separately and concurrently analyzed.
However, with phenomena such as the fatigue failure
of bearingg, which are so complex and have so many
factors contributing to or alleviating failur~ statistical
design has not bem sucmssful. Therefor~ it has been
necessaryto return to the classical experimental method
of study@ one variable at a time in order to make any
progress in the study of bearing failure.

Tests are performed on a rolling contact fatigue spin
rig where balls are rolled around the inside of a cylinder
by the action of compressed-air jets. Previous studies
of the rig had indicated similar patterns of failure and
fatigue lives on the balls in comparison with those ob-
tiined in actual bearings. In addition, the number of
test variables is reduced.

One research arti which appears very promising is
the study of the metallographic shmcture of balls and
races as a clue to variable behring life. Balls and races
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are made of steelwhich has been forged or rolled so that
it has a detlnite crystal orientation. This orientation
shows up on etching a crom section and is usually re-
ferred to as fiber. It has been found recently that if
the fibers are not oriented parallel to the axis of the
oylinder (which corresponds to the outer race of a bear-
hqg), the fatigue life of the cylinder is drastically
reduced.

In t%isinvestigation, cylinders were prepared in three
groups from forg.wd stock. In the iirst group, the
cylindem had their axes parallel to the iibers of th6
steel stock. In another group the iiber was arranged so
that it was from 0° to 45° to the axis of the cylinder,
and in a third group the axis of the cylinder vvasat 0°
to 90° from the fiber of the material. When comparing
the data obtained on these cylinders, it was evident that
by using material whose fiber was parallel to the surface

. of the cylinder, a large increase in life of the cylinders
was obtained. For example, in this series of tests only
10 percent of the cylinders with surfaces parallel to the
fiber of the material had failed by 5 million cycles. By
60 million stresscycles, 80 percent of the cylinders had
failed. However, with cylinders oriented from 81° to
90° to the fiber, 10 percent of the failures has been
obtained by 1~4 million stress cycles and 80 percent by
3 million stress cyck We thus see a profound efkt
of fiber orientation both on the first failures and on all

failures. The study of the relation of failure to fiber
orientation in balls is considerably more complex since
fiber orientation can be determined only after the balls
have been tested. However, the striking relationship
of fiber orkmtation to ball failure is also illustrated by
a polar projection of f ail,pre incidence versus fiber
orientation. (Fig. 6.)

NUCLEAR PROPULSION

The NACA nuclear msemch progrnm has been cli-
rected toward solving the problems associated with the
application of nuclear power to the propulsion of &
craft and rockets. &m&tical studies have been and
are being carried out on nuclear aircraft propulsion
systems, nuclear booster-rocket systems, nuclear heat-
transfer, interplanetary propulsion systmns, and nu-
clear electric-generating systemsfor space-travel appli-
cation. These studies have been speciiixdly directed
toward defining the reseamh problems that must be
solved in order to achieve the potential indicated for
these various systems.

The construction of reactor facilities to be used in
conducting experimental nuclear resemch studies is
contiiming. The construction of the low-power, solu-
tion-type research reactor located at Lewis has been
completed. Work is contirying on the Plum Brook
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Reactm Facility. Experiments applicable to space-
fiight systmnsare being planned and designed for both
of these facilities.

Methods have been devised for evaluating weights of
shields for aircrwft and rocket systems. Studies of
various methods of shield design, including the statisti-
cal methods, are continuing. Equipment is being f abri-
cated to study the attenuation of gamma photons in
various shield materials and also to study the gamnm
ray streaming through ducts in shields.

The effort on reactor analysis has btin devoted to
studies of reactors for jet engge propulsion systems
and various rocket systems in order to determine effects
of core size, compositio~ reflector thiclnmss and ma-
terial, moderator material, and fuel-element material
on uranium requirements, and flux and power distri-
butions. Analyses and experiments are being con-
ducted to develop methods of predicting nuclear charac-
i%ristb of reactors of unusual or complex geometry
for space-flight systems.

A number of heat-transfer and flow problems asso-
ciated with nuclear powerplants are being studied.
This work is intended to provide pertinent informa-
tion of a fundamental nature that will be of general
usefulness in the development of various types of nu-
clear propulsion systems.

Sodium hydroxide is in many ways an attractive
choica as a high-temperature, heat-trzmsfer fluid. Un-
fortunately, only a few mwkirds are suitable for con-
taining it in the molten condition at tmnperatures of
1,500° to 1,’700° F. Among these are nicke~ copper,
silver, gold, and some nickel-base alloys. Even these
materials exhibit a form of corrosion termed %hermal-
gradient mass transfer.” Thermal-gradient mass
transfer is the phenomenon by which the conta&er
metal is removed (either chemically or physically)
from the hotter regio’hs of a sysi%m and deposited in
colder regions by the heat transfer fluid. With the
previously listed metals the deposit is in the form of
needlelike crystals, the size of which depend upon the
experimental conditions. (Fig. ‘i’.)

In order to find ways of inhibiting this type of cor-
rosio~ an investigation was conducted concerning the
possible mechanisms. The mechanisms were found to
depend on chemical reactions between hot and cold
zones and molecular Wfusion within each zone.

The diffusion of the molecular species in the melt will
allow the process to continue indefinitely. In dynamic
tests,the rate of transfer is controlled by the rate of the
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Figure 7.—Mass transfer of structural materials by a eoolanti

zone reactions and thus is constant with time. In stntic
tests, the rate of transfer is controlled by the rnte of
d.iflusionand increaseswith time.

The effects of additives upon the rate of transfer
were also explained. Additives which effectively in-
creased the sodium oxide concentration increase the
rate of transfer; those which decrease this concentra-
tion decrease the rate of transfer. Reducing agents de-
crease the rata of transfer in static tests and have no
effect in dynamic tests Oxidizing agents have the
opposit8 effect in static tests.

Experiments are being set up on the 60-inch cyclo-
tron to study the heathansfer characteristics of ionized
gases and also to study the range of Mlon fragmenta
in ionized gases. Such studies are directly applicable
to the “sPam nuclear-propulsion systems now being
evaluated.

A two-dimensional d.i.tlusiontheory has been de-
veloped for determination of reactivity effects of a
fuel-plate-removal experiment. This and other diffus-
ion theory analyses are being checked experimentally
by duplicating the essential neutron-dilfusion phenom-
ena with a point source of fast neutrons.

‘Heat-tramsfer characteristic of liquid metals flowing
over a flat plate were analyzed using laminar boundary-
layer equations. Numerical solutions of the appro-
priate diilerential equations were carried for the situa-
tion of uniform wall temperature and uniform wall
heat flux.

Laminar free convection from a vertical ‘flat plate
with nonuniform surface temperature was analyzed.
Analyses of transient force.d-ccmvection flow and heat
transfer, and of effects of internal heat sources on
forced convection in ducts were completed.
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AIRCRAFT,MISSILE,AND SPACECRAFT CONSTRUCTION

It is in the field of cmstruction that the designers’
ideas are translated into structure or %ardware” which
will possess the service~bility and structural intebtity
necssmry to attain the desired vehicle mission.

The operation of hypersonic aircraft and missiles
and the venturing into space raise many new problems
with regard to structural design, materials, and influ-
ences of environment for which solutions are actively
being sought. A great deal of attention has been re-
quired in the way of defi.n@ new problems and devel-
oping new facilities.

structures

Structures research during the past year has been
directed primarily to the problems of aerodynamic
heating, with particular attantion being focused upon
the problems associated with hypersonic glidem and
various types of reentry vehicles Consideration was
also given to the structural problems of space vehicles,
and some fundamental structural studies were reori-
ented in this dir&ction.

The types of structural configurations suitable for
hypel~onic boost-glide aircraft and orbital reentry ve-
hicles were investigated. Comparisons were made of
the various structural approaches such as the use of
unprotected structures, heat sink structures, insula-
tion, cooling, and ablation. The succesful use of un-
protected structures is dependent on development and
improvement of refracto~ metals, whereas insulated
and cooled structures may be developed using &sting
materials. Research on insulation and cooling has in-
cluded experimental and theoretical studies of the effec-
tiveness of am coolants in the passage9 of corrugated
core sandwiches, investigations of the feasibility of us-
ing built-up ceramic coating- as thermal shields, and
simple methods of providing coolant as an intagral,
noncirculnting part of sandwich construction. The
optimum combination of insulation with various types
of structural elements has been studied theoretically,
and structural inteawi@ testshave been made on several
types of thermal shields and insulating panels,

The thermal stresses induced in structures by tran-
sient aerodynamic heating can have adverse effects on
their strength and stitlness. Theoretical and experi-
mental studies of these effects have been conducted
for various structural configurations. Experimental
studies of the effect of thermal stress on the buckling
and ultimate strength of ring stiilened cylinders and
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multiweb beams have continued. Additional data have
been obtained on the combination of compressive, shear,
and thermal se that cause permanent buckling of
plates. An analytical det-ation of the minimum
weight of a multhveb beam subjected to combined bend-
ing and thermal stressis nearirygcompletion.

A reasonably accurate knowledge of the temperature
distribution in a structure is a prerequisite to all ele-
vated temperature structural analyses. The relative
importance of heat transfer by conduction, convection,
and radiation in sandwich panels was studied and an
approximate procedure for estimating rndidion effects
was devised.

A program for the-development of several basic type ,
insulating structures is currently in progress. The
structures as conceived are applicable to hypersonic
vehicles and manned satdlites, and are capable of ex-
tended operation with -wall temperatures in the range
from 1,500° to 2,500° F. Conventional metals as well
as materials such as graphite have been used for the
outer walls, md fibrous materials have been employed
as insulators. Tests of some specimens have been con-
ducted in radiant heater and ho~jet facilities with
promising results.

Creep of structures at high temperatures can lead to
large deformations and premature failures. Data have
been obtained on the creep behavior of stainless-steel
plates at temperatures from 700° to 1,000° F., and on.
the creep behavior of built-up structures such as box
beams and unstiilened cylinders.

If all of the complex interactions between aerody-
namic heating and loading are to be studied, it is essen-
tial that some structural testing be done in an aerody-
namic environment. Work of this we was initiated
several yews ago, W@ small facilities and has con-
tinued during the past year. A new facili~, the 9- by
6-foot Thermal Structures Tunnel, was put into opera-
tion during the past year. This fwty can produm
a Mach 3 airstreamwith a stagnation presure of 200 psi
and a stagnation temperature of 660° 1?. This facility
affords testing of structuresunder realistic aerodynamic
and thermal conditions.

Accurate methods of deflection analysis are -ential
to the determhation of the response of structures to
dynamic loads. Studies of structural dynamics included
the vibration characteristics of an integrally stiffened
60° delta wing, secondary effects in the vibration of
monocoque beams, and a comparative analysis of the
accuracy of several methods for calcuktting transient

55
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Tbe 9- by 6-foot thermal structures tunnel.

responsa A blast simulator apparatus is being used to
study the failure of multiweb beams subjected to very
ShOrttim~ high-intensity ]OadingS.

The problem of desi=qing & structure of minimum
weight and of the desired strength at room ~d ~evahd
temperatures is basic tb all aircraft and missile designs,
and requires continued research if the performance
gods of future vehicles are to be achieved. Sandwich
construction is the most probable coni+guration for
efficient utilization of high density and refractory
metals in high-speed vehicles; consequently, resmrch
on sandwich construction is continuing and has in-
cluded analytical studies of the local instability of the
elements of truss-core sandwich% tests of sandwich
elements, plates and beams at room temperatures, and
crippling tests of shell sandwich construction at tem-
peratures up to 1,200° IF. with temperature gradients
through the thickness investigations of sandwich
materials suitable for use in the 2,000° to 2,500° F.
ran=g have been initiated.

Cylindricsd and conical shell structures fid extensive
use in lo~u-ramgemissiies and space vehicles, but many
cor@mtions are in a range where theory is inade-
quate and data me scarce. The work in this area has
been intensified to determine tk. crime of the deficien-

cies of present theoretical methods and to formulate
new shell theori~. Experimental work is also in prog-
ress to determine the strength of longitudinally
stiffened curved sheet and of ring-stiffened cylinders. .

Fatigue problems continue to be a major factor in
the operation of many civilian and military aircraft.
Recent investigation of the fatigue of structures has
been principally concerned with the fail-safe design
approach. Structures designed under this wpproach
can tolerate appreciable damage by f atigue cracks with-
out tiering catastrophic failure. During the past
yem-task have been continued on panels and box beams
to better understand the factors affecting fatigue crack
growth and the reduction in static strength resulting
from cracks. Tests of full-scale airplane wings have
been continued to provide information on their re-
sistance to fatigue.

LOADS

Tho tiort devoted to various phases of loads research
continuc3 to oha,nfgebecause parametms important to
structural design such as airspeed, range, structural
flexibili~, ratio of payload to total weigh~ heat trms-
fer -into the structurq and control inputs continue to
vary over wide limits Accordingly, incensing em-
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phasis is being placed on the theoretical and analytical
methods for predicting effects of thesevariables and on
methods for analyzing experimental data so as to per-
mit generalization of results.

Because of the high rate of fuel consumption and the
wide ran=%in altitude that is rapidly traversed in some
aircraft operations, it is becoming increasingly im-
portant to account for fuel consumption, air density,
etc., as function of time rather than handling thesa
quantities as constant for short time periods. Studies
Imve shown that it is practicable to extend existing
analytical procedures to account for these additional
complexities.

The manner in which the newer types of aircraft
and spacecraft will be operated is expected to change so
radically from present-day operation that philosophies
of structural design which are based on past experience
in the low-spesd range will be outmoded; as a re-sul$
various types of craft having differing missions are
being studied to determine how present structural load
requirements must be modified to place the design of
such craft on a more rational basis.

The problems concmmed with the effects of flexi-
bility on the loads and structural strains experienced
by an airplane in rough air are becoming increasingly
impori%mtbecause of the higher flight speeds and the
use of thin sweptback wings. A fight investibykion of
structural responm showed large amplifications in the
structural strains and wing deformations. The strain
amplification factor measured during rough air flights
varied from 10 to 20 percent at the wing root to valuas
in excess of 100 percent at the midspan station. The
major source of aerodynamic forces that are developed
in rough air are due to wing structural deflection and
twisting, particularly at frequencies corresponding to
the first wing-bending mode.

In order to obtain turbulence data which may be
used in synthesizing the gust histories for a wide va-
riety of operations, the airline gust data collection pro-
grmns have been supplemented with projects aimed at
establishing the turbulence characteristics for particu-
lar flight conditions. Among these conditions are the
very low altitudes (below 1,000feet), high-speed fright,
and the more severe weather disturbances represented
by hurricanes or tornadoes. The very low altitude
data have been derived primarily from tower measure-
ments, while results for other weather conditions are
being obtained from cooperative flight tats with the
Air Force, Weather Bureau, and Navy. IrL addition
to determining the intensity of the turbulenm for direct
application to airplane and missile operations, effort
is also being made to establish the significant meteoro-
logical pammetcm associated with the turbulence.

Rocket-propelled, free-flight models are used to ob-
tain data on the effect of high Mach number flight on
lhe nirplane response to gusts. Because autopilots and

yaw dampers add artificial damping to the airplane
motio~ the effect of these devices on wing and tail
loads in rough air has been investigated experimentally
and analytically, and for one airplane showed that in-
creased damp% of the lateral mode was effective in
reducing the ~g loads on the vertical tail by about
50 percent. These and other availmblegust data and
studies have been applied to both airplane and missile
operrdons to developing gust-load design criteria.

For several yems landing impact loads have been
studied intensively ; consequently, methods have been
developed for calculating these loads for a given land-
ing gy.ar with a good degree of accuracy if the initial
conditions at touchdown are known. Vertical velocity
at contact is the most important single parameter con-
nected with impact loads, and an accurate statistical
determination of this quanti@ for routine operations
will make it possible to specify more precisely the value
of this important design quantity. A method for ob-
taining statistical data on airplane vertical velocity at
ground contact from measurementsof center-of-gravity
acceleration has been utilized to interpret acceleration
peaks from VGH recorders obtained during routine
operational landings. Measurements of vertical ve-
locity for over 600 separate landings representing 6
different airlbes’ operations were also obtained at mile-
high Denver and swlevel San Frnncisco airports. This
new information, together with that previously oxmil-
able, providw a statistical sample of sufficient size for
reliable analysis.

Other primary problems a%ociated with landing air-
craft result from the high speed of landings, character-
istics of tire% and the friction coeilicient between the
tire and runway. Landing requirements for future
high-speed aircraft have increased the desirability of
using skid-@pe landing gear; consequently, a model
&th skid landing gear and nose wheel was investigated
on a treadmill-type runway and it vim found that
changes which reduced the side lends on the wheel or
moving the skid aft ieduced the tendency toward n
divergent notion. A comprehensive summary of re-
search on the elastic and mechanical properties of tires
has been prepared. For each tire characteristic semi-
empirical ecy.mtionswhich account for the major factors
pertinent to the characteristic were developed. A
significant contribution to the complete understanding
of friction coefficient and drag lode for which a land-
ing gear must be designed was obtained from realistic,
closely controlled impact tests of a modern heavily
loaded aircraft tire conducted on the Landing Loads
Track for many conditions, such as vertical velocities
up to 9.3 fp~ forward speeds up to 110 knots, tire pres-
sure ran=@ng from 35 to 210 psi, wet and dry concrete
surface, and wheels partially and completely locked.

The landing-impact phenomena is now well under-
stood, although the complete determination Ot landing
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conditions remains to be made; in fac~ may never be
completed because of changing designs and operational
procedures. Not so &ell understoo~ however, is the
subject of airplane structural response to taxiing and
~gccmndhandling. It has been lmown that taxiing and
ground handling over runways and tasiway~ which are
more or less ro~oh, impose loads which are critical for
structural de+gg, notably in the attachment of wing-
mounte~ huge-mass items. & a step toward solving
the taxiing and ground-handling problem+ a compre-.
hensive collection of airport profiks for the United
Sta@ Canada, and European NATO countries has
been assembledthrough a cooperative program initiated
by the Advisory Group for Aeronautical Research and
Development of the North Atlantic Treaty Organiza-
tion. High-speed analog or digital computers that
permit simulation of all the nonlinear landing-gear
and tire characteristics are being used to investigate the
response of the landing ~~, its associated structure,
and supported load to accelerations and motions in-
duced by taxiing over representative runway profiles.

Experimental studies of fundamentals of hydro-
dynamic impact loads have been completed at the
Langley Impact Basin These studies have considered
the relation of airplane design and construction param-
eter-sand of airplane operating parameters to impact
loads. Amo~o the desigu and construction parameters
studied are hull or hydro-ski contlguration, airplane
weight, and structural elastici@ and mass distribution
of the airplane. The operational-parameter studies in-
clude landing approach conditions such as trim angle,
flight-path angle, velocity and aerodynamic u and
seaway conditions. The hull and hydro-ski contigura-
tionsktudied were limited to basic shapes which could
be incorporated in speciiic desiagps.

VIBRATION AND FLUTTER

Flutter

Flutter is a self-induced vibration of an aircraft or
missile produced by the interaction of the air for&
and structural stiiln- and inertia. The flag or leaf
fluttering in the breeze, the venetian blind vibrating in
an open window, are more common examples of flutter.
Flutter of an aircraft ditlers from these examples in
that it is relatively more violent and destructive; con-
sequently, aircraft are desiagmdto be free from flutter,
not to withstand it.

A major part of flutter research involves the determi-
nation of the speed at which flutter occurs and the mode
of vibration of wind-tunnel models. One aspect of
this research is the establishment of the effects of vari-
ous parameters by tests of models which represent a
systematic variation of particular parameters. An-
other aspect is to furnish experimental vefication of
the accuracy of theoretical prediction methods. A third

aspect and one which has become increasingly im-
ports@ is the determination of the flutter chmacteris-
tics of models which simulate dynamically a particular
aircraft design. This affords a more accurate mswet
than a theoretical analysis. This is particularly true
for aircraft whose structure and weight distribution me
such as to produce complicated vibrational pmttorns
and for the transonic speed range in which separated
flovvaerodynamics may prevail.

One of the more troublesome types of fluttm has been
that involving control surfaces Chtrol-surface flut-
ter, including flutter of all-movable tail surfaces as well
as flap-type controls, has been studied. The kernel-
function method is being used to predict theoretical
flutter boundaries for a series of all-movable horizon-
tal stabilizers and these theoretical results me being
compared with the experimental flutter boundaries.
The widespread use of hydraulic boost servos to op-
erate controls has introduced another factor which haa
an important effect on the dynamics of the control
system. Experimental wind-tunnel flutter studies hmve
been carried out using models with miniature hy-
draulic components which simulate full-scale actuators,

Emphasis is being shifted to aeroelastic problems of
very high speed aircraft and missiles. Considerable
experimental effort has been directed toward aeroelastic
studies of components of the X-M and other hyper-
sonic conilguratiors Programs to study fuel sloshing,
panel flutter, aeroelastic characteristics of ICBM con-
iiguratiow structural feedback instabilities, boosb
glide aeroelastic characteristics, and other dynamio and
static aeroelastic problems induced by hypersonic flight
capabilities are receiving a larger proportion of re-
search effork

It has been established that aerodynamic heating in-
creases the tendency of stmctures to flutter by reducing
the effective stifbss In a contintig study of this
problem, a series of multiweb-wing structural models
have been designed for tests in the 9- by 6-foot Thermal
Structures Tunnel, vvhere flutter data can be obtained
under aerodynamic heating conditions.

Aerodynamic +ects of Flutter

Improvements in theoretical approaches have been
aimed at providing oscillatory aerodynamic forces and
moments with grmter accuracy. & noted in the 196’7
annual repor$ considerable effort has gone into de-
velopment of methods of flutter analysis using the
kernel-function method to obtain the aerodymunic
forces. Ckmsiderablesuccss has been encountered in
developing procedures for programing the kernel-
function method for high-speed computing machines,

As noted previously, flutter of flap-type control sur-
faces has Ken au increasingly important problem. Pm-
ticular emphasis has been placed on the measurement
at transonic speeds of aerodynamic control surfaca de-



REPORT NATIONAL AIWISORY COMMITTEE FOR AERONAUTICS 59

rivatives pertinent to flutter. This study has included
a variation of control surface contours. Similar meas-
urement of the oscilkdary derivdions have been made
on all movable contiols and on T-tail ca@urations.

PaneI Flutter

Panel flutter is a term used to describe a type of
vibration of individual panels on sections of skin that
can occur at supersonic speeds. SusceptibiMy of panels
b this type of flutter is ~-r for thinner skins, larger
panels, and for panels having buckles. Thus on hyper-
sonic vehicles or thin-skinned rockets in which buckliq
of the skin has occurred because of loadings or heating,
panel flutter is a seriousproblem.

Previous theoretical work has produced methods of
analyses for flat, rectangular, buckled and unbuckled
panels, and for infinitely long, thin cylinders. This
work is being extended to include nonlinear flutter
analysis of buckled rectangular panels for both large-
ileflection and small-deflection flutter. Another der-
isionis concerned with the flutter of thin-vwl.led cyh-
ders of finite length.

Panel-flutter tests were conducted in a supersonic
jet to determine if heat shields proposed for a hyper-
sonic aircraft would be flutter free. Other experi-
mental programs were initiated to obtain data in the
9- by 6-foot Thermal Structures Tunnel on the flutter
of thin-wall cylinders typical of ICBM boostars and of
blunt conical shells such as would be used for a manned
satellite capsule.

s’rlUJcI’mUIIMATERIALS

Reswmch on structural materiils has continued to be
concerned primarily with materials for high-speed air-
craft and missiles,although considerable work was also
dono on problems of fundamental importance to all
materials. Consideration was also given to the ma-
terials problems created by the environment of space,
such as impact on spacecraft of cosmic particl~ rang-
ing from ions to micrometers. It is to be expected
thmt surface pitting by ions striking spacecraft and
satellites may constitute operational problems in these
environment.

Not enough is lmown about the properties of our
constructional materials at high temperatures to permit
the designers to arrive at the most rational and efficient
design of high-speed aircraft. The accumulation of
duta on the mechanical properties of materials at tem-
peratures up to ~800° F. has continue~ and apparatus
is being developed to extend the temperature range to
5,000° F. In the past year, tensile and compression
creep data were obtained for 2024Til and ‘7075-T6
aluminum alloys, and generalized master curves for
predicting rupture, minimum crmp rate, and creep
strain were derived. Studies of the effects of rapid

heating on tensile properties were continued, with spe-
cial consideration beii given to materials of interest
for structures of high-speed aircraft. StudieS of the
dynamic and static modulus of materials have been ex-
tended to include the determination of frequency de-
pendence and temperature dependemmof the shear and
elastic moduli.

As has always been the case in the past, fatibae is
stilj one of the major causes of failure in aircraft.
Investi@ion of fatigue phenomena in materials in-
cluded: A fundamental study of the role of dislocation
and vacancies on f atigue; experimental investigation of
effects of cumulative dama~ based on gust-frequency
spwtrum; and the determination of crack propagation
rates in sheetmaterial of conventional alloys. The first
series of tests to determine the effect of atmospheric
corrosion on fatigue of aluminum alloys was completed,
and showed that fatigue life of specimens tested out of
doors can be lower by a factor of 3, as compared with
fati=ne life as determined by indoor tests.

Entry into the earth’s atmosphere by ballistic mis-
siles or satellitesimpress conditions of extreme severity.
Research work on the most promising method of pro-
tectiinggreentry bodies that will experience the highest
heat flux was continued and accelerated. Ablation tests
of various promising materials were carried out at heat-
ing rates up to 2,000Btu/ft ‘/see and at stagnation tem-
peratures to 10,000° F. A program for investigating
the behavior of other materials for use at lower heating
rates was continued, and a large number of conven-
tional metals, as well as rehctory metals and ceramics
and cermetsj were tested in the high-temperature
Ceramic Heated Jet. Determination of the emissivity
of structural materials, at tempefitures up to 2,000° F.,
was continued, and apparatus is being constructed that
will allow emissivi~ measurements up to 6,000° F.

One of the unlmown fnctors in the operation of space
vehicles is the effect of strikes by micrometeoric and
larger particles. An investigation is under way of the

Magneta focus beam of ions.
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OPERATING

The daily operations of aircraft and missiles pre-
sent problems which require solution or alleviation for
purposes of safety, efficiency, and economy. Research
information is also needed by the designers and mau-
ufmx%rers as well as the operators. For many years,
therefore, the NACA has studied various aspects of
aircraft operating problems such as atmospheric tur-
bulence, icing, ditching, aircraft and missilenoise, crash
fire and survival, flight instrumentation, landing and
takeoff operations, and aircraft braking.

The NACA has been aided in its research activities
in the above areas by the deliberations of the Commit-
tm on Operating Problems, the Subcommittee on Me-
teorological Problems, the Subcommittee on Aircraft
Noise, the Subcommittee on Flight Safety, and, until
this year, the Subcmumitta on Icing Problems. Dur-
ing this year NACA ic@g research has been limited
to writing reports on previous investigations and to
supervising the use of NACA icing research facilities
by non-NACA personnel who were testing aircraft
components under simulated ic~~ conditions.

FLIGET SAFETY

Flight safety research encompass-esmany problem
mess associated with the operation of aircraft. Haz-
ardou9 conditions may arise at any time from sources
such as the runway, the weather, the engines, the in-
struments, the controls, and the landing gear. NACA
investigations are thus aimed at speci.iic problems to
obtain information useful to the manufacturer and the
aircraft crew in the industrywide effort to improve
sl-d%ty.

Aircraft Instrumentation

The angle between the relative wind in the plane of
symmetry and the longitudimd axis of the airplane is
the angle of attaclq and its measurement is an impor-
tant requirement for stall warning, cruise control, and
armament considerations. Three types of wle-of-
attack sensing devices have been tested in a wind ttm-
nel and in flight to determine calibration and posi-
tion error data. One result showed that the M sensor
location for operation throughout the Subsoniq tran-
soni~ and supersonic speed rangw is a position ahead
of the fuselage nose.

Accurate measurement of airspwd is necessary for
safe and e5cient flight operations. An investigation
has been made to determine the external interference
effects of flow through the orfices of an airspeed head

PROBLEMS

such as would occur due to instrument volume at high
ratus of ascent or descent in flight. The results indi-
cated that the static-pressure error increased almost
linearly with increase in mass flow through the oritices.

A study has also bmn made on the accuracy with
which pr&Hll13altitude can be measured with current
systems. The analysis showed that the accuracy de-
pends on errors in the measuring system% errors aris-
ing from operation of the system, and variation in at-
mospheric pressure. In another study a survey was
made of the errors associated with the measurement of
static pressure on aircraft. The errors considered were
associatedwith the static-pressuretube or fusehqgevent
and the location of the sensor in the flow field of the
airplane.

Engine Reliability

Turbojet engines must either be repaired or rephwed
after specitled number of hours of operation. For rea-
sons of safety and economy, it is necessary to how
as accurately as possible when engine changes are to
be accomplished. An investigation has been made to ob-
tain information on the effect of overtemperature and
heat treatment on the life of turbine buckets. Results
indicated that overtemperatured buckets did not frac-
ture in abnormally short operating times. Cracking
was the principal mode of failure of buckets.

In another study a method was developed to help
decide whether jet-engine comprwor blades that have
been nicked in service are safe from fatigue failure
with continued engine operation. Thesa nicks me the
result of foreign objects being drawn into the air in-
let. A procedure has bean worked out for making
limit charts that indicate vvhether a blade showing
damage should be accepted or rejected.

AircraftDitching

For years the NACA has conducted scale-model
ditching investigations of aircraft configurations to

. furnish designers and operators with inf ornmtion on
ditching characteristics and behavior. Models of fighti
ers, bombers, and various types of transports have been
tested by utilizing a catapult and water tank system.
With the advent of turbojet aircra~ the need for addi-
tional ditching data on new configurations has been
met by recmt tests. In addition, dit@ing aids such as
hydro-skis and hydrofoils attached to the aircrwft fuse-
lage bottom have been under study to determine their
effectivenws in helping to make a water landing more
successful.

61
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In recentstudi~ an investi@ion of a 0.043-scale
dynamic model of a jet transport vms undertaken to
study its ditching behavior in ro~ah vvater. Test re-
sults have indicated that hydro-skk. or hydrof ofi may
be made to improve the ditching pwformanca and m
duce the damage to the fuselage bottom. Twin hydro-
skis with a loadhqg of about 2,500 lbs/square foot re-
sulted in smooth runs with very little damage to the
fuselage bottom. Smaller hydro-skis with a loading of
4,4oo psfj or twin hydrofoils with n loading of 7,500
psf, or a single hydrofoil with a loading of about 8,300
psf, all resulted in ditching runs which caused mod-
erm%damage to the aft fuselaa~ of the model.

In tests with the landing gear extended, the results
indicated that the nose .gmr will fail and that’ the
main ~gearmay or may not fail. When the main gear
failed, a deep run resulted causing moderate dam-
age throughout the length of the fuselage bottom.
When the main .gmr did not fai-J a dive resulted and
the front portion of the fuselagp bottom was demol-
ished, causing severe flooding of the entire fuselage.

Flight Operations

Several investigations have been continued in an ef-
fort to determine more accurately pilot and aircraft
characteristics in diilerent f@ht areas. Under certain
conditions, a pilot’s capabtity to control his airplane
may be compromised. The effects of airplane accel-
eration on the pilot’s arm as a result of maneuvers or
power changes have been studied with a small side-
located controller to allow arm support and hand mo-
tions. Several pilots participated in ground twts to
obtain measuremwrts of their force capabilities with
such a device. (See photo.)

Further tests have been made to determine the suit-
ability of a takeoff indicator to detect abnormal air-
plane acceleration d~i@ takeoff such as occasioned by
loss of enatie power. The instrument performed satis-
factorily in a jet bomber and other tests are being con-
tinued in s large, jet-transport%ype airplane.

A general ilight study of jet transport aircraft has
been conducted to obtain operational information in
the approach, landing, and cruise regions. Using an
airplane similar to the commercial jet transport, pre-
liminary data were obthi.nedon sinking speed prior to
touchdown, lift and drag characteristics, high-speed
characteristks, lateral control combination+ and yaw
damping augmentation.

& a tl-rststep in a general investigation of the use
in flight of thrust reversers on turbojet-powered air-
planes, the effect of a target-type thrust reverser on
the aerodynamic chamcteristiti of a full-scale jet air-
plane has been measured in a wind tunnel. Clmqys
in the aerodynamic characteristic of the airplane, par-
ticularly with regard to the pitching momen$ were de-
termined for various amounts of thrust reversal

PiIot’s mat with control stick.

In another study, a filly modulating target-type
thrust reverser has been installed and tested on rLjet-
fighter airplane h evaluate the effect of more power-
ful incremental thrust control devices on the lancling-
approach characteristics of aircraft. The thrust re-
verser was also studied to determine its usefulness for
intlight deceleration from high speeds and as wbraking
device to reduce the ground-roll distance in landings.

Runway and Landing-Gear Research

There are several problems associated with wirport
runways which can lead to hazardous aircraft operrk-
&O conditions. For exampl~ tire behavior during
landing on wet runways has been found to contribute
to a number of aircraft accidents. As part of a gen-
eral program, the NACA has investigntd the effects
of water depth, tire speed, pressure and trend, braking
friction forces, and cornering forces by use of an in-
strumented tire treadmill. The results indicati that
the maximum and the full-skid braking friction co-
diicients decrease rapidly with increasing velocity until
all braking effectiveness is lost and a tire-phming con-
dition is reached.

Runway lights which project above the runway sur-
face are a potential hazard to aircraft opendions, Ac-
cordingly, an investigation was mnde to obtain data on
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the landing-gear loads developed during landing and
taxiing tests over various types of runway lights. The
test results indicate-d that vertical loads on the riose
landing .-r were larger for landingg on the lights
than on plain concre~ and that the nose gear loads
developed while taxiing over the lights were relatively
more severe than those developed on the main ~mar.

A study was also made of ground-reaction forces
measured during landing impacts of a large airplane,
Results of the analysis of the data showed the effect
of vertical velocity at contact on the vertical force and
the variations of codlicients of friction with slip ratio
during spinup on wet and dry concrete surfaces.

Crash Survival Research

Several tlghtar airplanes were crashed under cir-
cumstances approximating those observed in the d-
tary eervica; unilared landings at various angles, a
ground cartwheel, and a ground loop. The magnitud~
duration, and direction of the crash accelerations were
measured on the airplane structure and on an anthro-
pomorphic dummy installed in the cockpik The w
celebrationsmeasured were compared with existing data
on human tolerame to the sudden loads that occur in
crashes to see whether the human tolerances had been
exceeded.

AERONAUTICAL METEOROLOGY

To achieve the goal of safe and efiicient all-weather
flight, aircraft and missile dcsignem and operators
must take into account the changes in weather condi-
tions and the effect%of the meteorological elements on
the vehicle. Two of the environmental problems, at-
mospheric turbulence and icing, have been under study
by the NACA for several years, while other factors
have only been under investigation from time to time.

Atmospheric Turbulence

Rough air flight of aircraft brings discomfort to
passengers and crew, may cause structural dam%
muy decrease the fatigue life of the airframe, and can
present control problems to the pilot. In addition, tur-
bulent air poses problems for missile takeoff and re-
entry operations. As one approach to the gustiloads
problem, the NACA has been active for years in ob-
taining information on the exten~ frequaucy, and SS-
veri~ of atmospheric turbulence in clouds and free air
at altitudes up to 60,000feet. Data have been obtained
by specially instrumented aircraf$ parachute assem-
blies, and rockets over several areas of the world.

The severest turbulence is genemlly found in the
clouds associated with ktorm areas, but the available
gust data are not suilicient for study. Accordingly, a
fighter-type airplane has been specially instrumented

5~e5f)740+

for probing cumulus-type clouds to obtain gust
measurements useful to designers, operato~ and
,meteorologists.

The characteristics of turbulent air below 1,000 feet
are not too well known; however, such information is
required for landing and takeoff operations as well as
low-level military missions. A study of gwjt dati de-
rived primarily from wind-tower measurements indi-
cates that turbulence intensity is affeoted by wimlspeed,
altitude, temperature lapse ra~ and -the ground
roughness.

At the higher altitudes, instigations of cloud and
clear-air turbulence have continued in order to shed
more light on these phenomau~ The NACA has N-
operated with the Navy, Air Force, and Weather Bu-
reau by furnishing VGH (veloci@, acceleration, aRi-
tude) recorders and by amalyzing gust data for several
probwams. Il&mmmnted aircraft have probed the jeh
stream and have flown in and near hurricanes to obtain
the needed data.

& part of the NACA analytical investigation of the
aircraft-gast problem, a method has been developed to
calculata the statistical forces wndmoments exerted on
an airplane due to random distributions of gusts. A
previous report covered the development of the rolling
and yawing moments on a wing in random turbulence.
Recent calculations have been made of the compleb
lateral response of an airplane while flying in continu-
ous isotropic turbulence

Environmental Data

Besides turbulenu, other meteorological elements in
and beyond our atmosphere affect the design and oper-
ation of aircraft and missi.k. From time to time in
answer to requests for spedc information, the hTACA
has been able to obtain and analyze data useful to
manufacturers, operators, and meteorologists.

Knowledge. of atmospheric temperatmes is of im-
portance to designem and operators of aircraft and mis-
siles. To provide this information, a study has been
made of radiosonde temperature measurements taken
over a 5-year period for several locations in the hTorth-
ern Hemisphere. Probability distributions of temper-
ature up to 100,000 feet have been determined from
data providec$ sorted, and tabulated by the u.S.
Weather Bureau.

In cooperation with the Air Weather Service, an
NACA flight program with instrumented U–2 aircraft
is continu@ to collect data up to 55,000 feet on such
variables as water vapor, vvind shear, clouds, tempera-
ture, the jetstream, clear-air turbulence, ozone, and
cosmic rays. Recent data on atmospheric turbulence
over the western part of the United States hnve been
published.
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The Icing Cloud

For efficient design of icing protection systems for
aircraft and missil~ detailed and statistical knowledge
is required of worldwide icing conditions in which
thesevehicles may operate. The NACA has sought to
obtain information on the extentf frequency, and se-
veri~ of icing conditions by installation of suitable
instruments in researc& commercial, and military air-
craft. Currently, icing-nte meters are on loan to sev-
eral aircraft compank and Government organization

The icing problem for high-altitnd~ intercepted air-
craft has been evaluated and the results published. At
two Air Defense Command airbnsw, &uhter-inter-
ceptors equipped with NACA icing-rate meters col-
lected data during climb and descent operations, and
information was obtained on the frequency and severity
of icing clouds over the north-central and northw~rn
United States.

AIRCRAFT ICING

Because of the state of the axtj active NACA icing
research on aircraft and engine components has been
diminishing since 1956 and was terminated in the fiscal
year 1957. hTACA icing research activities conducted
during the tlscal year 1958 have been concerned pri-
marily with completing the analyses and publication
of the results of icing progmrns conducted over the
prcmxling 24 months.

The Lewis Flight Prop~on Laboratory icing tun-
nel, because of its unique fwdmres, is continually made
available tn the aircraft industry and Government or-
~gnnizationsunder wplan -wherebyindustry representa-
tives conduct icing tests on their specitic models with
~guidmceby NACA personnel. The raw data obtained
from such development studies are available upon re-
quest to interested personnel. Analysis and reporting
of the data are being made by each company or organi-
zation. Thin+ NACA reports on the% projects are
usmdly not prepared for formal publication.

Wate~Droplet Impingement and Icing Protection

h order to desigg efiicient ic~c protection systems
for an aircraft engine component or airframe’ surface,
detailed information is required as to the area and
vieight of ice acmumdation under various icing and
operating conditions. To determine droplet impinge-
ment characteristic, the NACA has tested both models
and full-scale components in the Lewis I.aboraiwry
icing research tunnel. In addition, analytical studies
have beenmade to obtain similar data.

An experimental investigation has been conducted to
measure the amount and areas of cloud-droplet im-
pingement on a ~4-scale model of a &@htera.~lane en-
gine inlet. Angles of attack from 2° to 8°, droplet
diameters from ‘7 to 23 microns, and ratios of inlet to

free-stnxun velocity from 0.4 to 1.5 were studied. Sig-
nificant impingement rates and areaswere found on the
curved outboard -wall of the inlet duct and on regions
within a few inches of the cowl lips and lencling edges
of the duct splitter vanes.

Icing tests were conducted in the 6- by 9-foot icing
research tunnel to evaluate the effectiveness of ice pro-
tection systems for a jet transport. The proposed
systems utilized hot gas to anti-ice the leading edge
regions of the wing and cyclic-electric deicing for the
tail surfaces. The manufacturer% personnel con-
ducted the tests and the raw data are available for
study.

As part of a general study of icing and icing pro-
tection for bodies of revolution, an investigation was
conducted to determine the impingement charncter-
isti~ heat transfer, and icing-protection requiremeru%
for simple bodies of revolution. The bodies investi-
gated included sphe~ elliptical forebodes, and n
coiical forebody of 30° included angle. The investi-
gation covered a wide range of conditions both in cleor
air and in icing, and included studiesat angles of attack
both with and without rotation.

The rata and the area of cloud-droplet impingement
has been obtained for the above types of bodiw. Re-
sults are prwmted in the form of dimensionless param-
ete~ which enable the icing characteristics of bodies
of revolution to be determined over w wide range of
flight and atmospheric conditions.

Data on the heat transfer in clear air from the ellip-
tical body of finenew ratio 3.0 and the conical forc-
body have also been obtained. Information required
in the use of conventional wet-air analysis for the de-
sign of anti-icing systems for bodies of revolution wns
determined from these data

Permhk Due to Icing

Aerodynamic effects caused by ice formations on an
unheated NACA 65AO04 airfoil were determined over
a tide range of icing conditions and the results pub-
lished. The drag changes due to these im formations
were correlated with the various icing conditions, ns
well as with the physical dimensions of the ice accumu-
lated and with the measured droplet-impingement
ratas. The correlation resulted in an empirical eqm-
tion that may be used to predict changes in drag co-
efficients for this airfoil based on meteorological,
impingement and fight conditions. The cmrelntion
was also extended to include aerodynmnic data for four
other airfoils.

Noise Research

The noise produced by current jet engines is of suf-
ficient intansity to cause damage to nearby personnel
and aircraft structures and serious discomfort or an-
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noyance to personnel over a considerable distance from
the engine. Noise annoyance alone is a major problem
in the introduction of jet transports and may be an
important factor influencing the operation of such
transports.

The NACA has been conducting at its Lavis and
Langley Research Centers a broad research program
to determine the mechanisms by which jet noise is pro-
duced and to fid means for &ducing jet noise. Con-
clusive evidence from this research proemm shows
that the major source of noise from a turbojet or rocket
engine is the exhaust and that the noise from this
mums dominates all other noise during full power op-
erations, The jet exhaust noise is caused by the in-
tense turbulence produced by the mixing of the high
speed exhaust stream with the surrounding air as well
as by oscillating shock waves within the jet exhaust
and interaction of these shock TWWCHand turbulence.
The major NACA research effort has been directed to-
ward reduction of noise created by turbulence since this
is the dominant factor in the production of noise dur-
ing take-off and climb of jet aircraft which are the
operating conditions producing the noise’ nuisance in
communities near airports. Reducing the velocity of
the jet exhaust bill reduce the noise; however, this im-
poses a penal~ on the efficiency of the engine. Since
most of the jet noise is produced within ten nozzle
d.hmetersdownstream of a conventional circular nozzle,
it has been determined that less noise would be pro-
duced if the jet exhaust stream could be slowed down
as rapidly as possible after leaving the nozzle; that is
in less distance than the ten diameters. This has been
accomplished by the development of special jet exit
nozzles which rapidly mix low energy surrounding air
into the jet exhaust stream and thereby decrease the
overall jet velocity and noise. Scores of nozzle con-
figurations have been investigated to determine the
basic design parameters required to produce the bwt
nozzles for given conditions. The corrugated multiple-
tube and shrouded nozzles now being produced for jet
transports are esamples of nozzles developed from this
program. Some nozzles are designed to produce sig-
nificant reductions in overall noise outputj others are
designed to alter the mixing process in such away as to
change the amount of noise in certain frequencies, and

still others are designed to reduce the width of the pa~
tern of noise distribution beneath an aircraft so as to
minimize the number of people annoyed by take-offs.
More research is underway to increase the noise sup-
pression effectivenessof thesenozzles. -

Although suppressors do reduce the noise level, they
ilso add weight to the aircraft, slightly decrease engine
performan~ and increase the drag of the airplane.
The amount of noise suppression desired must be bal-
anced against the economic and performance penalties
imposed by the use of these suppressors. As a result
of extensive NACA wind tunnel tests of supprcs.sor
configurations, the aerodynamic performance of sup-
prawom has been evaluated to help assessa reasonable
balance. “Much additional work is required before a
satisfwaterysolution can be attained.

,With the advent of supersonic aircraft a new prob-
lem has entered into flight operatio~the sonic boom.
This boom is the shock wave produced by an object.
traveling through the air at supersonic speeds and is
similar to the bow wave from a boa~ This boom or
wave can easily be of sdicient intensity to crack plaster
and break windows in buildings beneath the path of
the supersonic aircraft. The NACA has investigated
the parametms which affect the strength of this wave
when it hits the ground and has found that primary
factors am the altitude of the aircraft, the climatic
conditions, and the size of the aircraft. The speed of
the aircraft is not important after the.aircraft is well
into the supersonic regime. Data are being obtained
which w-illallow the estimation of the strength of sonic
booms for various flight conditions, and more work is
being done to establish flight procedures to minimize
the boom intensity. Some research has been accom-
plished on aircraft design concepts for the future which
may reduce the magnitude of the boom problem, and
more work is underway along such lines.

The effects of sonic boom from one aircraft on other
nearby aircraft also have been investigated, and it ap-
pears that if the aircraft are not flying at the samespeed
so that one aircraft remains in the shock wave from
the other aircraft, or if the aircraft are ~parated by
distanw of approximately 500 feet or mow the sonic
boom problem appears to be of negligible importanw to
aircraft in flight.
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Alloys. By R. F. Decker, L L Rush A Cl. Danoj and
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the Sodium Hydroxid+Nickel System. By Charles E.
May.

4090. Analysis of Shock Motion in Ducts Daring Dlstarbances
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Design; Calculations Using Various Log-Probability
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Large Swept-Wing Airplane. By Richard H. Rhyne
and Harold N. MIllTOvJ.

410S. A Thermal Smtem for continuous Monitoring of Lamlm r

4m9.

4U0.

all.

4rt2.

4U3.

4U4.

4U5.

4U6.

41L7.

and Tarbnlent Boundary-Layer Flows During Routine
Flight By Norman R. Richardson and Klhner A.
Horton.

Low-Speed Yawed-Rolling Characterlstlcs and Other
Elastic Properties of a Pair of 40-Inch-Dhuneter, 141?ly-
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4156. ICffect of Initial MMnre-Temperatie on Burning VCIoc-
ily of Hydrogen—&—~ Wifi Preheating and
Shnulated Preburning. By Sheldon HeimeL
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llflects of a Fuel-Plate-RemovalExperiment.By 12&
ward R UO@@, Jamea P. Onsi& and Donald Bogark

4165. Thermal Fatigne of Ductile Materials. 11-lilffect of OYdic
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Scrde Model of the Bell X+ Airplane With Various
Wing Sweep Angles Itrom 20° to 60” at Mach Nnrnbem
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4207. Elffect of a Stringer on the Stress Concentration Due to a
Clrackin a Thtn SheeL By J. LyeU Sand- Jr.

4208. Turbulent Boundary Layer on a Yawed Cone in a Super-
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to the Measurement of Thermal Streaim in a Turbine
Stator Van& BY R. H. Kemp, U. R. Mors% and M. H.
HMwhberg.

4210. Effect of Fiber Orientation in Races and Balls Under
Rolling-Contact Fatigue Condition& BY Thomas L.
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Conditions on the ZPG-2 Airship. By MUiam Lewis
and Porter J. Perkin& Jr.

4221. Turbulent Flow Through Porous Resistances Slightly In-
clined to the Flow Dir~tion. By Albert L. L@tller,
Jr. and Morris Perlmutter.
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in Local Ohemical and Thermodynamic Equilibrium
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Flow About Slender Oone-Cylinders of Circular And
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5. By Thorval Tendeland.

4237. General Instability of Sti&ned Cylinders. By Herbert
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log. By Walter Oastl~ Jry Howard L. Dnrhaq Jr.
and Jirair Kevorkian.

4239. Experimental J.nvWgatlon of the Drag of Flat Plates
and Cylinders in the Slipstream of a Hovering Rotor.
By John W. McKee and Rodger L. NawM.h.

4240. Some Measurements of Aerodynamic Forma and Momenta
at Subsonic Speeds on a Rec&mgnlar Wing of Aspect
Ratio 2 Oscillating About the MidChord. By Edward
Widmayer, Jra Sherman A. Olemmso~ and Sumner A.
Leadbetter.

424L An Approxhnate Method for Design or Analysis of TWG
Dimensional Subsonic-Flow Pawwg~ By EL Floyd
valentine

4242. General Solutions for Flow Past Slender (l+rnbered Wings
With Swept Trailing Edges and (k&nhWon of Addi-
tional Imading Due to Control Surfaces. By El. B.
Klunker and Keith O. Harder.

4243. An Experimental Study of the ‘l?nrbnlent Boundary Layer
on a Shock-Tribe Wall. By Pad B. Gooderum.

4244. On solutions for the Transient ReBPonse of Beams. By
Robert TV.Leonard.

4245. Flutter &alysis of Rectangular Vi%gs of Very tiw As-
pOCtRfltiO. BY Robert W. Frfdich and JOhllM. Hedge
peth.

4240. Further Instigation of Fatigne-Orack Propagation in
Alurrdrmm-ARoY Box Beams. By Herbert F. Hardrath
and Herbert A. Leybold.

4247. Study of Gronnd-Reaction Norma Measured During L~d-
ing Impacts of a Large Airplane By Albert TV. H-
Richard H. Sawyer, and James M. XcKaY.

4248. Summary of ~erimental Heat-!hansfer Wasnrementa
in Turbulent Flow for a Mach Nnmber Range From
0.87 to 5.05. By Maurice 7. Brevoort and Barbara D.
Arabian.
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Q4po A ~eo~~~@ &I@~ of fie ~ect of Wgine klgal~
Momentam on Longitudinal and Directional Stabili@
in Steady RO1.lingManeuvers. BY OrdwaY B. Gate&
Jrq and O. H. TVoodling.

4%0. 13ffect of the Proxhni@ of the Wing _-Bending Fre-
quency and the Short-Period Frequency on me fi-
plane Dynamic-Response Factor. BY Oarl R HQSS~d
James J. Donegan.

4251. An Experimental Investigation of Wake 13ffects on Hydro-
Skis. BY Ellis El McBride and Lloyd J. Fisher.

4X2 I@erimental Investigation of an Impnb3#LTPc Sum
sonic Compressor Rotor Having a Tnrnlng of 73° at
the Mm.n Radius- By Jamea IL Sterrett-

4253. D- ~d T- of a s~-s~ge Md-mow cOIIl~KSSOr

Having a Tip Speed of 550 Feet per Second and a
mat Operating Characteristic at Omatant Speed. BY
VHllard R. Westphal and John W. Maynardj Jr.

4234. Flight Instigation of IMects of Retreating-Blade Stall
on Bending and Torsional Moments Encountered by a
Helicopter Rotor Blade By LeRoy H. Ludi.

423S. Wind-Tnnnel Investigation at Lmv Speeda of Flight Char-
acteristics of a Sweptbmk-Wing Jet-Transport Airplane
Model Equipped With an Ekkrnal-Flow Jet-Au~ented
Slott@ Flap. By J’oseph L. Johnsonj Jr.

42513.Water-Impact !l%eory for Aircraft Equipped With Non-
trimming HydroSkis Mounted on Shock Strata. BY
Emanuel Schnitzer.

4267. Results of an Experimental Investigation of Small Vis-
cous Dmnpm By Milton JL Silveiraj Domenic J. llag-
lier~ and George W. Brooka-

4256. A Numerical Method for 13valnating Wave Drag. BY
Maurice S. Cahn and Walter B. Olatad.

4259. TemLwratuI=P ressnr&Phne Relations in a Olosed CrYo-
genic Oontainer. By Sidney O. Hnntley.

4280. Ground Redection of Jet Noise- By<Walton IL Howea
4261. AcoustiG Thrast and Drag Oharact*tics of Sev*

Full-Scale Noise Suppressors for Turbojet Engines. By
Carl O. Ciepluchi Warren J. Nor@ Willard D. OoltW
and Robert J. AntL

4262. Analysis of Turbulent Flow and Hent Transfer on a Flat
Plate at High Mach Numbers With Variable Fluid
properties. By It. G. DeiEsler and A. L. Leef6er, Jr.

4203. Effect of Prior Air ~mce OverkxamratareOmn-ationon
Life of J47 Buckets Evaluated in a Sea-h?vel Cyclic
Kngine Test. BY Robert A. SignorellL James R. John-
stou and Floyd B. @rretL

4264. Internal Characteristics and Performance of Several Jet
Defiectora at Primary-Nozzle Presnre Ratios up to 3.0.
By Jack G. AIe4rdle-

4265. Composition and Thnnod.ynamic ProPert&E of Air in
Ohemical EquUibrlum. BY W. Ft. Moeckel and Ken-
neth C. Weston.

4206. Studies of Om CO, Oq and G Radiation From Laminar
and Turbulent l?rop~~~ and Eth@OII&& ~es.
By ~OIllM P. Cla.rlL

4267. l?re~y Survey of Propulsion Using Chemical Em-
ergy Stored in the Upper Atmosphere. By Lionel V.
Baldwin and Perry li Blackshear.

4266. Droplet Impingement and Ingwtion by Supersonic Nose
Inlet in Subsonic Tannel Conditions. By Thomas F.
Gelder.

4269. Trmiaonic Drag of Several Jet-Noise Suppressor& By
Warren J. North.

4270. A Performance Analysis of Methods for Handling )Ikmexs
Inlet Flow at Supemonic Spee@A By Donald P. Hearth
and James F. COnnOr&

4271. Wmlnmrn Theoretical Tangential Velocity Component
Posalble From Straight-Back Converging and Oonverg-
ing-Diverging Stators at Supercrltical Pressure Ratios.
By Thomas P. MOmtt.

4272. Use of the Coanda EtTed for Obtnining Jet Deflection
and Ltft With a Single Flat-Plate Deflection Surfaca
By Uwe H. von Glahn.

4273. On Pairs of Solutions of a Clam of Internal Viscous Flow
Problems With Body Forces. BY SimonOstmchand
LynnU.Albers.

4274.l&mrement of theElffectof an Sal llagneticFieldon
the ReynoldsNumberof Transitionin llercary Flow-
ingThrougha ~laesTulM. By Mchel Baderand~il-
liamo. A. Oarlson.

4275.DynamicStabilityof VehiclesTraversingAscendingor
Dwcentig PathsThroughthe Atmosphem.By Mm
rayTobakandH.JulianAllen.

4276.An ApproxhnateAnalytical~ethod for StudyingDntw
Into PlanetaryAtmospheres.By DeanR. Ohapman.

4277.A Body ~tication To Reduce Drag Due to lved~e
Angleof wing ~ith UnsweptTrailingEdge. By ~fl-
LiamO.PittaandJackN.~ielsen.

427S.Applicationof StatisticalTheory to Benin-Rider@id-
ance in the Pr&mmeof Noise. 11—llcdifledwiener
miterTheory. BY Ehvood O. StewarL

4279. lilftecta of FMng Tmnsitlon on the TransonicAerody-
namicCharacteristicsof a ~ing-Body Oonllgurationat
ReynoldsNumbers~om 2.4to 12AIillion.By Lynn~.
Hunton.

42S0.PressureDistributionsat TmnsonicSpeedsfor Slender
BodieE Hkming Various A.xlal hwdions of Maximum
Diameter. BY John B. MiDevitt and Robert A. Taylor.

@Xl. Second-Order Slender-Body Theory-&cisymmetrIc Flow.
By Milton D. Van Dyke.

42$2. Boundary-Layer Stability Diagrams for Iillectrically
CondnctLng Fluids in the Presence of a Magnetic Field.
By Vernon J. Rossow.

42% Full-Scale Wind-Tunnel Te&a of a 36” Sweptback-Wing
Airplane WithBlowingFromthe ShroudAheadof the
Trailtng-EdgeFlaps. By WilliamH. Tolhurst,Jr,

- OnmulativeFatigueDamageat IllevatedTemporatnre.
By llllliam K Rey.

4285.Tramgranularand IntergranularFractureof Ingot iron
DnringCreep. By L. A. Shepardand W. H. Gledt.

4266.l&chardmnof Benefldal~ects of Boronand Zirconium
on OreepRuptureProperties of a Oomples Heat-
ResistantAlloy. By R. ~. DeckerandJ. ?V.Freeman.

-. Relationshipof hfetalSurfaceato Heat-AgingProperties
of AdhesiveBonds. By J.11.BlackandR.F.Blomquist.

4%6. Tnrbnlenceand TemperatureFluctuationsBebincl a
‘ Heated &ld. By B. R. Mills,Jr., A. L. Klstler,V.

Ol%ten,and S. Cmrsin.
4269.Boundary-InducedDowmmsh Dne to Lift in n Two-

DimenslonalSlottedWind TnnneL By S. Katzoffand
RaymondL. Barger.

@90. A FuselageAdditionto IncreaseDmg-RiseMachNumber
of Subsonic Airplanes at Lifting Conditions. By
RichardT. WhitComb.

4291. An I!lvalnation of Effects of Flexibility on Wing Strains
in Rough Air for a Large Swept-Wing Airplane by
Means of E@srhnentally Determined Frequency-
Respcmm Functions With an Assessment of Random-
Process Techniques Employed. By Thomas L. Coleman,
Harry Press, and May T. hfendowa

4292 Local Instability of the IIIkanents of a Traw+Core Sand-
wich Plate. By Melvin S. Anderson.
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4203. Spechd Bodies Added on a Wing To Reduce Shock-
Induced Boundary-Layer Separation at High Subsonic
Speeds. By Richard T. Whitcomb.

4204. EltTects of Nose Shape and Spray Contiol Strips on
Emergence and Planing Spray of Hydrc-Ski Models.
By John R. McGeh=

42W. Reflection and TrammhMon of Sound by a Siotted Wall
Separating Two Moving Fluid Streams. BY Raymond
L. Barger.

4296. Compressive Strength and Oreep of 17–7 PH Stainless-
Steel Plates at Dievated Temperatures- By Bland A.
Stein.

4297. Fiight Investigation of the Acceptability of a Small Side
Lcmated Controller Used WithanIrreversibleHydraulic
ControlSystem. By HelmutA. Kuehneland Robert
w. Sommer.

420S.ElxplomtoryWind-TnrmelInvestigationTo Determine
the Lift ~ects of BlowingOverFlapsFromNacelles
llomted Abovethe wing. By JohnW Riebeand Bti-
wia B. DavenporL

420fI.~ects of ~brication-TypeRoughnesson TurbulentSkin
Hrictionat SupersonicSpeeds. By K. R Czarnecki,
John R. Sevier, Jr., and Melvin hf. Carmel.

4300. Hent-Transfer and Pressure ?@asurementa on 11’iat-Faced
Cylinders at a Mach Number of 2. By WI1l.iam Il.
Stoney, Jr., and J. Thomas Markley.

430L EllTects of Boundary-Layer Displacement and Leading-
Edge Bluntness on Pressure Distribution, Skin Frictio~
and Heat Transfer of Bodies at Hypersonic Speeds.
By Mitchel H. Bertrara and Arthur Henderso~ Jr.

4302. Analytical and Illxperimental Investigation of Aerody-
namic Forcw and Moments on Low-Aspect-Ratio Wings
Undergoing FIapptng OscillatiomL By Donald S.
Woolston, Sherman A. Oievenso% and Sumner A
Leadbetler.

4303. Measurements and Power Specba of Runway Roughness
at Airports in Countries ‘of the North Atlantic Treaty
Organization. By Wilbur El. Thompson.

4304. Matrix Method for Obtaining Spanwise Momenta and
Defle&ions of Torsionally Rigid Rotor Blades With
Arbitrary Loadings. By Alton P. Mayo.

4305. Wind-TunnelInvestigationof lllffectsof SpoilerLoca-
tion, SpoilerS% and FuselageNoseShapeon Direc-
tional Characteristicsof a lfodel of a Tandem-Rotor
HelicopterFuselage.ByJamesL ~.

4300,Tempemtureand Thermal-StressDistributionsin Some
StructuralHlementsHeatedat a ConstantRate. By
~iliiam L Brooks,Jr.

4307.li@erimental Wasurementsof the ~wte of Airplane
~otionson ‘ivIngandTailAnglesof Attackof a Swept-
Wng Bomberin RoughAir. By JeromeN. I@el.

4306.TransientTemperatureDistributionin a ‘l%o-component
Semi-IndniteCompositeSlab of Arbitrary~aterials
Subjectedto AerodynamicHeatingWith a Discontinu-
ous(lhangein EquilibriumTemperatureor Heat-Trans-
fer Co@icienL By Robert 1A Trimpi and Robert A.
Jones

4309. Use of Short Fiat Vamm for Producing I!Micient WIde-
Angle~&Dimenslonal SubsonicDtiera By D. L.
aOChrQIl and S. J. Kline.

4310. Measurement@ of the Motions of a Large Swept-Wing
Airplane in Rough Air. By Richard H. Rhyne.

4311. Prandtl Number Effects on Unsteady Forced-Convection
Heat Transfer. By IL hf. Sparrow and J. L. Gregg.

431!2. Internal Characteristics and Performance of an Aerody-
namically Controlled, Variabl&Discharge Convergent
Nozzle By Jack G. M-e.

431S. Iilffect of Eavorable Premmre Gradients on Transition for
Several Bodies of Revolution at Mach 3~ By John
R. Jack

4314. Icing Frequencies E@erienced During Climb and Descent
by Fighter-Interceptor AircrafL By Porter J. Perkins.

4315. An Iiktiraate of the Fluctuating Surface Pressures En-
countered in the Reentry of a Ballistic Missile. BY
Edmund D. Callaghan.

4316. Friction and Wem WithReactiveGaseaat Temperatures
up to 1200” B. By Gordon P. All+ Donald H- Bnck-
ley, and Robert L. Johnson.

4317. Turbojet Engine Noise Reduction With AIising Nozzle
IOjector (combinations. By Willard D. COleS,John A.
Mihaloew, and Edmund E. Callaghan.

431S. Analytical Relation for Wake hIomentom-Thiclmess and
Diffusion Ratio for Low-Speed Compressor Cascade
Blades. By Seymour Lieblein.

4319. On Fully Developed Ohannel Flows: Some Solutions and
Limitations, and IMfects of Compressibility, Variable
Properti~ and Body 170rca. By Stephen H, Maslen.

4320. Compressible Laminar Flow and Heat Transfer About a
Rotating Isothermal Disk. By Simon Ostrach and
Philip R. Thornton.

4321. An Analytical Study of Turbulent and Molecular Mixing
in Rocket Combustion. By David A. Bittker.

43= Or@at@ ~d Theore~~ pr~&D~bn~on Dam for
NAOA 6- and 6A-Series Airfoil Sections With Thick-
nesses From 2 to 21 and 2 to 15 Percent Chord, Respec-
tively. By Elizabeth W. Patterson and Albert IL
Braslow.

4323. Natural Convection In8ide a Fiat Rotating C%ntainer.
By Simon Ostrach and Willis IZ Braun.

4324. Method for Determining the Need To Rework or Replace
Compressor Rotor Blades Damaged by Boreign Objects.
By Albert Kaufman.

4825. A Mach 4 Rocket-Powered Supersonic Tunnel using Am-
monia--en as Working Fluid. By Robert W. Gm-
ham, Eleanor Costilow Guent@ and Vearl N. Huff.

4326. Lightning Hamrds to Aircraft Fuel TankR By J. D.
Robb, D. L. ~ M. M. Newmfq and J. R. Stahmann.

4327. Hypersonic Viscous Flow Over Slender Clon&L By Law-
rence ‘l?albu~ Toyoki Ko~ and Pauline M. Sherman.

4328. Study of Hydrogen Embrifflement of Iron by Internal-
Friction Methods. By R. D. Maringer, E. B. Swetnam,
L. L. Marsh, and G. K. Manning.

4329. Infiuence of Heat Trentment on Microstruc@e and High-
Temperature Properties of a Nickel-Base Precipitation-
Hardenlng Alloy. By R Ii’. Decker, John P. Row%
W. O. Bigelow, and J. W. Freeman.

4330. Flow Induced by a Rotor in Power-cm Vertical DescenL
By Walter Castl~ Jr.

4331. An Inv&@ation of the EITectaof Atmospheric Corrosion
on the Fatigue Life of Aluminum AUOys. By Herbert
A. Leybol@ Herbert F. HardratlL and Robert L. Moore.

4332. An Approach to the Problem of Estimating Severe and
Repeated Gust Ma& for We Operations. By Harry
Press and my Steiner.

4333. IOf&ctof Some EWerrwl Crosswise Stiffeners on the Heat
Transfer and Pr&wn.reDistribution on a Flat Plate at
Mach Numbers of 0.77, 139, and 16S. By Howard
s. carter.

4334. Lagin Premure Systems at IMtremely Low l?r~
By William T. Davis.

4335. Procedure for Calculating Fiutter at High Supersonic
Speed Including Camber Defiectionsj and Comparison
With Experimental Results. By Homer G. Morganj
Vera Huckw and Harry L. RunYan-
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4336. IEqwrimental Investigatiori of ~ and Normal Force
OharacterLstica of Skewed Nozales. By David J.
Carter, Jra and Allen R. Vick

4337. An Immstigation of Some I?h&homena Relating to Aural
Detection of AirplaneJL By Harvey H. Hubbard and
Domenic J. Maglieri.

433& Graphs of Reduced Variablea for Compn@g Histories of
Vaporizing Fuel Dro~ arid Drop Histories Under
Pressure. By C+.L, Be-M. M. DIW@O. .L
Uyu and P. S. My-.

4339. Hydrodynamic Impact Loada of a —20” Dead-Rise In-
verted —V Model and Comparisons With Loada of a
Flat-Bottom ModeL By Philip M. Edgq Jr.

4340. Wind-Tunnel Investigation of the High-Submrdc Static
Longitudinal Stability Characteristics of Several Wing-
Body &o@nrationa Designe& for High Lif&Drag
Ratios at a Mach Number of IA. By Paul C+.E’onrnier.

4341 Low-speed Experimental Determination of the Effects of
Leading-Edge Radius and Prmlle ThicknMs on Static
and Oscillatory Lateral Stabili~ Derivatives for a
Delta Wing with 60° of Leading-Edge SweeP. By
Herman S. Fletcher.

4342 Flight Measnrements of the Vibratory Bending and Tor-
sional Stree8e9 on a Modified Supersonic Propeller for
Forward Mach Nnmbers UP to 0.95. By Thomas 0.
O’Bryan.

4343. A Oompariam of TWOMethods for Calculating Transient
Temperatures for Thick Walls. By James J. Buglla
and Helen BrinkWorth.

4344 Performance at Low Speeds of Compressor Rotors Having
Lmv-oambered NAOA O&%r& Blades With High Inlet
Angles mid Low Soliditiea. By James U. Fhnery and
Paul TV. Howard.

4346. Similar Solutions for the Cemp*le Boundary Layer
on a Yawed Cylinder With Transpiration Oooling. By
Ivan ELBeckwith.

4346. Approximate Method for Calculating Motions in hgles
of Attack and Sidesltp Due to Step Pitching- and Yaw-
ing-Moment Inputs During Steady RoIL By Martin T.
Monl and Teresa R Brennam

4347. A Nonllnear Theory for Predicting the Effects of Un-
steady Laminar, Tnrbnlen& or Tra.rMtional Boundary
Layers on the Attenuation of Shock Waves in’ a Shock
Tube With Experimental Comparison. By Robert L.
Trhnpi and Nathaniel B. Cohen.

434S. Effect of Temperature on Dynamic Modulus of EII’astici@
of Some Structural Alloys BY Louis F. Vosteen.

4349. Heat Transfer and Thermal Streaseg in Sandwich
PWieIS. BY Robert T. Swarm.

4360. Theoretical Distribution of Laminar-Bonndary-Layer
Thiclmess, Boundary-Layer Reynolds Number and Sta-
bility Lim& and Roughness Reynolds Number for a
Sphere and Disk in Incompressible Flow. By h’eal
Tetervin.

4351. Summary of Methods of Measuring Angle of Attack on
Afrcraft- By TWlliam Gracey.

4352. Tables and Graphs of Normal-Shcmk Parametem at Hyper-
sonic Mach Numbers and Selected Altitudes. By Paul
W. Hnber.

4363. Dxplorntory Wind-Tnnnel Instigation at High Subsonic
and Transordc Speeds of Jet Flaps on Unswept Rec-
t@@&r Wings. BY Vernard E. Lockwood and ~y-
mond D. Vogler.

4354. al easnrementa in a Shock Tube of Heat Transfer Rates
at the Stagnation Point of a l.O-Inch-Diame& Sphere
for Real-Gas Temperature up to 7,900” R By
AlesanderP. SaboL

4365. Lmv Tip Mach Number Stall Characteristics and High
Tip Mach Number Compressibility Elffeeta on a Heli-
copter Rotor Having an NAOA 0009 Tip Airfoil Section.
By Robert D. Pow~ Jr. and Paul J. CW!penter.

4366. Elf&da of Oompremibility on Rotor Hovering Perform-
ance and Synthesized BladMkctlon Ohnracterlstka
Derived From Measured Rotor Performance of Blndes
Having NAOA 0015 Airfoil Tip %&Ions. By Jnmes P.
Shivers and Paul J. Carpenter.

4337. Lift and Proffl&Drag Characteristics of an NAOA O(U2
Airfoil Section as Derived From Menanred Helicopter-
Rotor Hovering Performance. By Paul J. Carpenter.

435S. Supmcmic Wave Interference Affecting Stability. BY
Engene S. I.me.

4359. A Review of the Thermodynamic !lhanspor~ and Ohemi-
cal Reaction Rate Properties of High-Temperature Air.
By O. Frederick Hansen and Steve P. Hehns.

4360. Memmrementa of the Effects of ‘iVall Outflow and Porositi
on Wave Attenuation in a Transonic Wind Tunnel With
Perforated Walls. By Joseph M. Spiegel, Phillips J.
Tunnellj and Warren S. Wilson.

436L Idealized Wings and Wing-Bodies at a Mach Number of
3. By Elliott D. Katzen.

4362. Force and Pressure Measnrementa at Tranaonic Speeds
for Several Bodies Having Elliptical Oross Sections.
By John B. McDevitt and Robert A, Taylor.

4363. Simpliiled Method for Determination of Oritical Height
of Distributed Ronghnwa Particles for Boundary-Layer
TransitIon at Mach Numbers From O to 5. By Albert
L. Braslow and ElngeneO. Knox.

4364. An Inv4igation of Supersonic Turbulent Boundary
Layers on Slender Bodies of Revolution in Free Flight
by Use of a Mach-!?kdmder Interferometer and Shadow-
graphs. BY Alvin Seiff and Barbnra J. ShorL

4365. Large-Scale Wind-Tunnel Tests of an Airplane Model
With an Unswept AspeetFRatlOIO Wing, Two Propel-
1~ and Area-Suction Flaps. By Jnmee A. Weiberg,
Roy N. Grifi@ Jrq and George L. Florman.

4366. The Effects of an Invers&l!nwr Leading-FJdgeFlap on the
Aerodynamic Characteristics in pitch of a Wing-Body
combination Having an Aspect Ratio of 3 and 45° of
Sweepback at Mach Numbers to 0.92. By Fred A.
Demele and IL Harmon PowelL

4367. Wind-Tunnel Tests of a FnU-Scale Helicopter Rotor With
Symmetrical and With Cambered Blade Sections at
Advance Ratios From 0.3 to 0.4. By John L. Me
cloud III and George B. McCullough.

4368. A Study of Several Theoretical Methods for Computing
the !Zer&Lift Wave Drag of a Family of Open-Nosed
Bodies of Revolution in the Mach Number Rnnge of
2.0 to 4.0. By Leroy L. Presley and Elmmet A.
hrossman.

4369. Slip-Flow Heat Transfer From Cylinders in Subsonic
Airatreams. By Lionel V. Baldwin.

4370. Some Numerical Solutions of Similarity Equations for
Three-Dimensional Larainar Incompredble Boundary.
Layer Flows. By Peggy L. Yohner and Arthur G.
Hansen.

4371. Some Observations Relattng to RecoverY of Internal B’rlc-
tion During Fatigue of Alnminnm. By S. R. Valluri.

4372. Effect of Precipitate Particles on Creep of Aluminum-
Copper AUOYSDuring Age Hardening. By El.El Untler-
wom% L. L. Marsh, and G. K. Manning.

4373. Theoretical and Experimental Analysis of the Reduction
of Rotor Blade Vibration in Tnrbomachinery Through
the Use of Modified Stntor Vane Spacing. By Rlchnrd
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H. Kemp, Marvin H, Hirschberg, and William 0.
Morgan.

4374. Rate of Renction of Gaseous Fluorine WithWaterVapor
at 350 0. By ~ernon A. Slabey and IlchvardA.
Fletcher.

4375.ApproximateSolutionsof a Olassof SimilarityEquations
for Thme-Dhnenaion@ Laminar, Incomprwsible
Boundary-LaYer ~low& By Arthur G. Hansen and
Howard Z. Herzig.

4376. Analytical and Experimental Investigation of Tempera-
ture Recovery Factors for Frilly DevelopM l?low of Air
in a Tub& By IL G. Deissler, W. Ii’. Weiland,and ~.
H. lkrivderxrdlk.

4377.Useof the CoandaEffectfor Jet DeflectionandVertical
Lift with ldultiple-Flat-Plateand Cnrved-Pla@De-
flectionSurfaces. By UweH. von GlahnandThomas
F.@lder.

437S.PreliminaryHeaM?ransferStudieson l%o Bodies of
Revolutionat Angleof Attackat a Mach~umberof
3.12. By NormanSandaandJohnR. Jack.

4370.TorqueSpeed Characteristicsfor High-Specidc-~ork
Turbine& By warner L. Stewart.

43S0.AmroxhnateMethodfor Calculationof LaminarBound-
ary Layer With Heat Triasfer on a ~ne at Large
Angleof Attackin SupersonicFlow. By ~illtam Il.
Brunk.

436LElffectof Pressureand Duct Geometryon Blti-Body
Flame Stabilization.By AndrewE. Potter,Jr. and
Edgar L. Wong.

4362. Investigation of Boillng Burnout and Flow Stability for
Water Flowing in Tubes. By Warren H. Lmvdermilk,
Ohe&er D. Lamm, and Byron L. SiegeL

4383. A Oaoled-&s Pyrometer for Use in High-Temperature
Gas Streams. By Lloyd N. Kra~ Robert O. Johnson,
and George El. Glawe.

4364. Analysfs of Turbulent Flow and Heat Transfer in Non-
circnlar Passages. By Robert CLDeb?-slerand Maynard
l’. Taylor.

43%. Comparison of Shock-Expansion Theory With Experiment
for the Lif~ Drag, and Pitching-Moment Oharacter-
istice of ‘Two Wing-Body Combinations at M=5.O. By
Raymond O. Savin.

4366. An AnalysIs of Ramjet 13ngines Using Supersonic Com-
bustion. By Richard J. Weber and John S. Ma&Kay.

4367. Experimental Evaluation of Low-Band-Pas-s Landing-Genr
Shock Absorber for Pnlse Iaadings. By Emanuel
Schnitzer.

4386. Effects of Nose Angle and Mach Number on Transition
on Oonea at Supersonic Speeds. By K. R Czarneclri
and Mary TV. Jackson.

4369. IMfect of Advance Ratio on Flight Performance of a
Modlded Supersonic Propeller. By Jerome B. Ham-
mack and Thomaa 0. O’Bryan.

4390. Iilffects of Frequency and bplitude on the Yawing De-
rivatives of Triangrdar, Swep~ and Unswept lVings
and of a Trlangalar-Wing-FuselageCombinationWith
and~Ithont a TriangularTail PerformingSinusoidal
Yawing Osc~ations. By WilliamLetkoand Herman
S. Fletcher.

4391.AfaasTransferCoolingi“ear the StagnationPofn~ By
LeonardRoberts.
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Part II–COMMITTEE ORGANIZATION AND MEMBERSHIP

The National Advisory Committee for Aeronautics
was established by act of C%nggessapproved March 3,
1915 (U.S. Cod% title 50, sec. 151). The organic act
as amended provided that the Commiti be composed
of 17 members appointed by the Presiden& including
two representatives each of the Department of the Air
M’orce,the Department of the Navy, and the Civil Aero-
nautics Authority; one representative each of the
Smithsonian Institution, the U.S. Weather Bureau, and
the National Bureau of Standards; and “one Depart-
ment of Defense representative who is acquainted with
the needs of aeronautical research and development.”
The law further provided that the membership include
seven members appointed for five-year terms from per-
sons “acquainted with the needs of aeronautical scien~
either civil or military, or skilled in aeronautical en-
~@neeringor its allied sciences.” The reprmntatives of
the Government organizations were appointed without
detinite terms, and all members served as such without
compensation.

In accordance with the regulations of the Committee
as approved by the President, the chairman and vice
clmirman and the chairman and vice chairman of the
Executive Committu were elected annually. The offi-
cms now serv@, reelected at the annual meeting of the
Committee October 10, 1957, are: Dr. James H. Doo-
little, chairman of the NACA and Chairman of the
Executive Committee; Dr. lkonard Carmichael, Vice
Chairman of the NACA; and Dr. Detlev W. Bronk,
Vice Chairman of the Executive Committee.

The following changes in membership have taken
place during the past year:

On October 22, 1957, President Eisenhower ap-
pointed Hom Paul D. Foo@ Asistant Secretary of
Defem (Research and Engineering), as the Depm+
ment of Defense representative on the Committee au-
thorized in the law. He succeeded Hon. Clifford C.
Furnas, whose membership on NACA was terminated
I?ebrumy 16, 1957, as a result of his resi=mation as
Assistant Secretary of Defense (Research and Devel-
opment).

The NACA membership of Lt. Gen. Donald L. Puth
who had been serving as Deputy Chief of Staff, Devel-
opment, of the Air Forc~ was automatically termi-
nated June 30, 1958, on his retirement from the Air
Force. He had been a member of NACA more than
nine years, having been appointed March 22, 1949. Be-
cause of the legislation then pending in the Congress
which would result in the termination of the existence
of the NACA, the President did not appoint a succes-

sor to General Putt on the Can.mittea In the interim,
L& h Roscoe C. Wilson, USAI?, Generrd Putt’s suc-
cessor as Deputy Chief of Staff, Development, served
as acting member of NACA.

Bw.aw of his detachment as Deputy Chief of Naval
Operations (Ah) and transfer to duty with the At-
lantic Flee$ the membership of Vice Adm. William V.
Davis, USN, on the NACA was tmm.inated May 22,
1958. As in the case of General Pu& the President
did not appoint a successor on the Committee, and in
the meantime Vice Adm. Robert B. Piri~ USN, Ad-
miral Davis’ successor in his Navy post, served as act-
ing NACA member.

Referemm was made in the opening statementof this
report to the National Aeronautics and Space Act of
1958 (Public Law 85-568), approved July 29, 1958.
In accordance with that ac< and by proclamation of
the Administrator of the Natiomd Aeronautics and
Space Administration which he has indicated he will
publish in the Federal Register of Septmnber 30,1958,
the National Advisory Committee for Aeronautics will
cease to exist at the close of business September 30,
1958. At that time all its functions, powers, duties,
and obligations, and all real and personal proper@,
personnel (other than members of the Committee),
fund% and records will be tratierred to the National
Aeronautics and Space Administration. All member-
ships on the NACA will then be terminated.

The members of the National Advisory Committee
for Aeronautics at the end of its existence, September
30,1958, are as follows:

James H. Doolittle Sc. D., Vice Presdden~Shell Oil Oo.
Ohairman.

lAm&nl OarmichaeJPh. D. Secretary,SmithsonianInstitn-
tiOl&Vice Ohairmam

AllenV. &t@ Ph.DaDirector,NationalBureauof Standards.
PrestonR. BassettD. Sc.
Detlev~. BroM Ph. D,, PresidentRockefellerInstitntefor

?&dkuIlReEearch.
Frederick0. Crawfor&Sc.D., Ohairmanof theBoar@Thomp-

sonProductqInc.
Panl D. Foot%Ph- D. -tant Secretary’of Defense (~

searchandEngineering).
WellingtonT. Hinef$Rear Admira~U.S. Navy, Depu@ and

~nt Ohiefof fie Bureauof Aeronautic%
Jerome0. Hnnmker,Se D., litassachuaettxInatitnteof Tech-

nology.
OharlesJ. l.tcOarthY,S.B., Ohairmanof the Boar& Olance

VonghtMmn@ Inc
JameET. PY1%A-B.,Adroiniatratorof OivilAeronautic&
~cia ~. Reichelderfer,Sc. D., Ohief,U.S.weatherBnreau.
~ward V. Ri&enbacker,SCD. Chairmanof theBoartljEaat-

ernAirLintwInc-
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Louis S. Rothschiklj PiL B., Under %cretary of Oommerm for
Transportation.

Thomas D. Whitej Generalj U.S. Air Forcq Ohief of Staft.

In its coordination of aeronautical research and the

formulation of its research progr- the NACA has
been assisted for a number of years by four main tech-
nical committees. Under each of these committees,
subcommitteeshave bean organized varying in number
from three to eight the total number in 1958 being 23.
On February 26,1958, the names of the four main tech-
nical committees, as -well as those of certain subcom-
mittees were changed to indicate more definitely their
cognizance of problems applicable to mkiles and space-
craft as well as airoraft. The four main technical
committees now are: Committee on Aim-a& Missile,
and Spacecraft Aerodynamics (formerly Committee on
Aerodynamics) ; Committee on Aircraf$ Missile, and
Spacecraft PropuMon (formerly Committee on Power
Plants for Airoraft) ; Committee on Aircraf$ Mkile,
and Spacecraft Construction (formerly Committee on
Aircraft Construction) ; and Committee on Aircraft
Operating Problems (formerly Committee on Oper-
at~~ Problems). Effective January 1,1958, the Sub-
committee on Icing Proble~ formerly organized
under the Committee on Operating Problems, was dis-
continued, since it -wasthe opinion of the NACA that
the demands for research in this field had decreased to
such an extent that the maintenance of a separate sub-
committee was not justii%d, and such research as was
needed in this field could be conducted under the cog-
nizance of the Subcommittee on Flight Safety and the
Subcommittee on Meteorological Problems.

The NACA at its meeting on November 21, 195’7,
rLuthorizedthe establishmentof a Special Committee on
Space Technology, to be composed of experts especially
qualified in the field, to survey the whole problem of
space technology from the point of view of needed re-
search and development and to make recommendations
to the NACA. It was pointed out that while the
NACA already had i substantial effort on problems of
flight beyond the earth’s atmosphere, as exemplitkd by
the X–15 research airplane being constructed by North
American Aviation, Inc., as a joint Air Forca-Navy-
NACA project, and by its research proagramon ballis-
tic missile proble~ there was need for a review of the
whole problem of space technology. The Special Com-
mittee on Space Technolo~ was organized in January
1958 under the chairmanship of Dr. H. Guyford Stever,
Associate Dean of Engineering of the Massachusetts
Institute of Technoloaq, and has been engaged in a
survey of the entire field, with the aid of seven working
groups established for study of the following areas:
Space Research Objectivw; Vehicular Program; Re--
entry; Range, Lmmc& and Tracking Facilities; In-
strumentation; Space Surveillance; and Human
Factors and Training. The report of the Special

Committee on Space Technology will be completed in
the near future.

The NACA has ah bean assisted sines 1945 by nn
Indus@ Consulting Committee, whose function has
been to advise the NACA as to general rwmrch policy
and programs, especially with regard to the needs of
industry.

At the final mehng of the National Advisory Com-
mittee for Aeronautics on August 21, 1958, the members
of the Committee expressed the firm opinion that the
advice and cooperation of NACA committees and sub-
committees have been rLhighly significant f aotor in the
effective discharge of the duties of NACA.

The Administrator of the National Aeronautics wncl
Space AchnhMra tion, Hom T. Keith Glenmm, has
indicated that the proclamation which he will issue for
publication in the Federal Register of September 80
will include a provision that the committees and sub-
committees of the NACA are being reconstituted ~d-
visory cxnnmitteesto the NASA for the purposa of
bringing their current work to orderly completion.

The membership of the committms and their sub-
committeesand working groups is as follows:

CO~lllTEK ON AIRCRAFI’,MISSILK,AND
SPAQ3~ AERODYNAMICS

kfr.PrestonR.Basse~ Ohairman.
Dr. TheodoreP. ~righ~ Vi@ Presi&nt.for ResearchOornell

university,vice Ohairmall.
kfaj.GeILRalphP. Swoffor&Jr.,US~, AssistantDeputyOhief

of Sta&Developmen~U.S.AirEorce.
00L Randall D. Keator, USAF, Ohief, Aircraft Laboratory,

~right Air DevelopmentOenter.
Rear Adm.L D. Ooat~ USN,Mistant Ohiefof the Bureau

of Aeronauticsfor Researchand Development,Department
of theh’avy.

W. AbrahamHya~ Bureauof Aeronautics,Departmentof the
Navy.

Oapt.RobertL. Townsen@USN,.&@stantDirector,Research
andDevelopmentDivisio~Bureauof Ordnance,Department
of the Navy.

llaj. ~en. H. N. Toftoy,USA,CommandingGeneral,Aber(leen
Proving&ound.

COLGeorgeP. Sene&Jr., US& Ofiiceof the Ohiefof Research
andDevelopmentDepartmentof theArmy.

lfr. Harold D. Hoeketra, Oivil Aeronautic Administration.
Dr. Hugh L. Dryden (ex 05cio).
Mr. Floyd L. Thompson, NAOA Langley Aeronautkal Lnborn-

tory.
Mr. Russell G. Robinson, NAOA Ames Aeronautical Lnbomtory.
Dr. Milton U. Olauser, Director, Aeronautical Research Labora-

tory, The Ramo-Wooldridge Oerp.
OapL W. S. Diehl, USN (ReL).
Mr. Oiarence L. Johnson, Vice l?residen~ Research and De-

velopment Imckb+d Aircraft Corp.
Dr. A. Kartv~ Vice Presiden& Research and Development,

Republic Aviation Oorp.
Afr. Schuyler Kleinhans, Assistant Ohief E&ineer, Santa Monica

Division, Douglas Aircraft Oo.j Inc.
Dr. Olark B. MilUkan, Director, Daniel Guggenheim Aeronantl-

cal Labomtory, ~fdifOrIIhi batitate of Technology’.
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Mr. Kendall Perkins, Vice Preslden& Engineering, McDonnell
Aircraft Corp.

Mr. George S. Schairer, Director of Researc.@ Seattle Division,
Boeing Airplane Co.

Prof. JWlliam R. Sea% C@mell Univerai@.
Mr. R. U. Seboll Vice President Engineering, Convair, Divl-

tdon of General Dynamics CkmP.
Mr. H. A, Storm% Jr., Chief Engineer, Los Angeles Division,

North American Aviatio~ IRC
Mr. George S. !l?rimble Jr., Vice PresidenW3hief Engineer, The

Martin Co.
Mr. Milton B. Ames, Jr.,’ %cre~

Subcommittee on Fluid Mechanics

Prof. William R. Sears, Cornell Urdversi@, Chairman.
Lt. CtoLB. W. hfrmwh.ner, USAF, Air Force Missile Develop

ment Center.
Mr. El. Haynes, Air Force Office of ScientMc Research.
Dr. Frederick S. Sherma~ Ollice of Naval Rese.ar@ Depart-

ment of the Navy.
Mr. John D. Nicolaide& Bureau of Ordnan~ Department of

the Navy.
Dr. Joseph Steinberg, Ballistic Research Laborator-lea, Aber-

deen Proving Ground.
Dr. G. B. Schubauer, Ohief, Fluid Mechanics t%ctio~ National

Bureau of Standarda.
Dr. Adolf Bnsemw NACA Langley Aeronautical Laboratory.
Mr. Olhtton E. Brown, NACA Langley Aeronautical Laboratory.
Dr. D. R Ohapman, NAOA Ames Aeronautical Laboratory.
Mr. Robert T. Jonc%, NACA Ames Aeronautical Laboratory.
Dr. John O. Dvvrm% NAOA Lewis Flight Pro@sIon Laboratom.
Dr.J.V.Ohary@AeronutronicSystemS,Inc.
Prof.lvallaceD. Hayes,PrincetonUniversity.
Prof.OttoLaporte,Universityof Michigan.
Prof. LesterLees,Otiortda Instituteof Technology.
Prof. Hans W. Liepmann, California Institute of Technology.
Prof. O. Cl.Lin, Mar$sachusetts Institute of Technology.
Prof. ILL. Resler, Jr., Oornell University.

Mr. Ernest O. Pearsoni Jr_ Secretiy

Submmtnittee on High-Speed Aerodynamics

Dr. Olark B. Millikan, Director, Dantel GuggenhebJ.I Aero-
nautical Laboratory, California Inatitnte of Technology,
Ohairman.

Mr. Itobert Ii’. Robinson, Air Rewarch and Development
Command.

Mr. Oscar Seidman, Bureau of Aeronautic% Department of the
Navy.

Dr. H, H. Kurzweg, Msociate TechrdcnI Director for Aero-
bnllistic Research Naval Ordnance Laboratory.

Mr. O. L. Poor, Chief, Exterior Ballistics Laboratory, Baliistic
Research Labordorie% Aberdem Proving Ground.

Mr. John Stac& NACA Langley Aeronautical Laboratory.
Mr. H. Jnlian Al@ NACA Ames Aeronautical Laboratory.
Dr. AM Sllveratei% NAUA Lewis Flight Propulsion Laboratory.
Mr. Wnlter O. Williams, NAOA High-Sveed Flight Station.
Mr. John R Olarlq Assistant Chief Enghteer, Ohance Vought

AircrafG Ine
Mr. Akxander EL F@ Vice President and Assiatnnt Director,

Technical, Cornell Aeronautical Laboratory, Inc.
Mr. L. P. Greenq Chief Aerodynamidst, North American Avia-

tion, Inc.
Mr. IL P. Jackson, General Manager, Tactical WeaponSystems

DivIston,AeronntronicSystems,Inc.

Mr. O. J. Koch, Chief of St.@ Advanced D@~ The Martin
co.

Mr. John G. Ia+ Director of Reseamh, united Aircraft Oorp.
Dr. Albert El. Lombar& Jrq Director of ~ McDonnell

Aircmft Corp.
Mr. Harlowe J. Lcmgfelder, Systems Engineering Director,

Boeing Airplane Co.
Prof. John R. Markham, Professor of Aeronautical E@ineerlng,

MaMwchusetta Institute of Technology.
Mr. W. 1?. 11.adcltff~ Ohief of Aerophyaics, Convair, Division of

General Dynamics (kmP.
Mr. Ronald Smel~ Director, New Design Orn~ Missile Systems

Divisio~ Lockheed Aircraft Corp.
Mr. Albert J. Evan% Secretary

Snbconunittee on Aerodynamic Stability and Control

Oapt. W. S. Di@ USN (R&), Ohairman.
Mr. Melvin Shorr, Wright Air Development Center.
Mr. Jerome Teplit?L Bureau of Aeronautics, Department of the

Navy.
Mr. Joseph El. Long, Bureau of Ordnan@ Department of the

Navy.
Mr. J. G. McHugQ Transportation ~ch and Ilr@neering

Oommand.
Mr. D. L. Baker, Civil Aeronautics Adminktmtion.
Mr. Oharles J. DordarL NAOA Langley Aeronautical Labora-

tory.
Mr. Oharlea F. ~ NACA Ames Aeronautical Laboratory.
Mr. Hubert M. Drak~ NAUA High-Speed Flfght Station.
Mr. ELA. Bonney, Applied PhYaim Labomtory, The Johns Hop-

kins university.
MY. W. O. BreuhaW Cornell Aeronautic@ Laboratory, Inc.
hfr. Paul O. llramo~ Manager, Development Analya@ Bell

Aircraft Corp.
Mr. J. E. Goode, Jr., Convair, Division of General Dynmnica

Oorp., Fort lVortb-
Mr. William T. Hamilton, Ohief Aerodwamics Engineer, Bow

ing Airplane 00.
Mr. Mhmvell W. Hunter, Ohief Missiles Design Engine=, Dong-

las Aircraft co., Inc.
Mr. IL B. KlltkOV,NorthroP AircrRftj ~c
Prof. El. D. Larrabeq Massachusetts Institate of Technology.
Mr. Uonrad L Lam Ohance Vought Aircr@ Inc.

Mr. Jack D. Brewer, Secretary

Snbcornrnittee on Automatic Stabilization and Control

Mr. Warren IL SWansonj North American Aviatkm, In% Ohair-
man.

Mr. George L. Yingling, Wright Air Development Center.
Dr. Gerhard TV.Bmq Air Force MhMle Development Center.
Mr. William Kov~ Bureau of Aeronautic Department of

the Navy.
Mr. J. M. L&j Bureau of Ordnanc% Department of the Navy.
Mr. Karl L. Kocmane& Signal C-orpSEngineering Labomtories.
Mr. oharl~ W. Mathews, NACA Langley Aeronautical Labora-

tory.
MY. Harry J. Glee& NAOA -kmes AeronauticalLaboratory.
Mr. & S. BoksenboW NACA = mt Propulsion Labora-

tory.
lfr. Joseph We4 NAOA ~h-Sp~ ~ght WWion.
MY. EYank AndrE& Director of Engineering, Avionics Division,

Bell Atrcraft 00rP. ‘
Mr. Frank A. Gaynor, Aeronauticaland OrdnancwSystemsDi-

visiou General~ectric 00.
Dr. WilliamJ. Jacobi,TheRamo-~ooldridgeOorp.
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Mr. Floyd El. NixoL Manager, Systems Analysis Department
The Martin Co.

Mr. Louis A. Payr% Convair, Division of General Dynamics
Corp.

Mr. Duncan Pitrnq M&W= Divhdo~ Douglas Aircraft @
Inc.

Dr. Allen Il. Pncket$ Aesociate Dirwtor, Systems Development
Laboratories, Hughes Aircraft C%.

Mr. O. H. Schuckj Mln.neapolh+Honeywell Regulator Co.
Dr. Robert O. Searnans, Jr., RCA Airborne Systems Laboratory.

Mr. Bernard Magg@ Secretary

Subcommittee on Internal Flow

Dr. william J. O’DonnelL Chief, Engineering ~d ~~fi
Missiles DivhdoL Republic Aviation Corps Ohairman.

Mr. Frederick T. ~ Jra Wright Air Development Center.
Mr. Robert El Roy, Wright Air Developmmt Center.
Mr. R. T. Miller, Bureau of Aeronautics, Department of the

Navy.
Dr. Thomaa w. V7illtw 0t3ce of A’aval F&mar@ Depart-

ment of the Navy.
Mr. V. S. KupeliU U.S. hTaval Ordnance IMperimentfd Urdt-
Mr. Jbhn V. Becker, NACA Langley Aeronantkal Laboratory.
Mr. Richard Scherrer, NACA Aum Aeronautical Laboratory.
Mr. DeMar@s D. TVya& NACM Lewis Flight Propulsion Lab

oratory.
Mr. Donald R. BeUmQ NACA High-Speed Flight Station.
Mr. J. S. Alfor& Aircraft Gas Turbine Divisiou General Elec-

tric co.
Mr. Bernard E’-Beckehna Boeing Airplane Co.
Mr. John A. Drake Director of Long-Range Planning and Re-

search Programs, MarWardt Aircmft 00.
Mr. Harry Dr~ Propulsion Department Manager, Lockheed

Aircraft Corp.
Dr. Antordo Fe@ Hea& Department ot!Aeronautical Engineer-

ing, Polytechnic Institute of Broom
Mr. Donald J. Jordq Pratt & Whitney AircrafG United Air-

craft Corp.
Mr. Darrel B. Park% McDonnell Aircraft Oorp.
Mr. M. A- Snlkin, Ohief Thermodymunici& North American

Aviation, Inc
Mr. Stafford W. Wtlbnr, Secretary

Subcornmittea on Low-speed Aerodynamics

Mr. R Richard Hepp~ Manager, Advanced Aerodynamics Re-
sear@ Lockheed Aircraft Corp. Chatrman.

kfaj. ELB. Owens, USAF, Air R=earch and Development tim-
mand.

Mr. Hrmvey L. Anderso% ViMght Air Development Center.
Mr. Gerald L, Desmon& Bureau of Aeronautic Department of

the Navy.
Maj. Darrell L. Ritter, USMC, Oflice of Naval Researchj 13e-

parhnent of the Navy.
Lt CoL T. E. Hayn~ USA Office of the Chief of Research

and Developmen& Department of the ArmY.
Mr. John Beebe Oiliee of the Chtef of Tmnsportntiow Depart-

ment of the Army.
Mr. U. TV. Von Rosenberg, Old@ Flight Test Bran@ CiviI

Aeronautic Admintstration-
Mr. Charles E Zhnm~ NAOA Langley Aeronautical Lab

oratory.
Mr. Oharles W. Harper, NAOA Ames Aeronautical Laboratory.
w. Jack Fiscl@ NAi3A High-Sp6wd Fltght Station.
Mr. M. M. Blair, North American Aviatio& In% Columbusj

Ohio.

Mr. James B. Edwar@ Douglm Aircraft ~0., Ina
Mr. Robert A. Fuhrmq Missile Systems Division, Lockheed

Aircraft Oorp.
Mr. Robert L. Ghstafson, Ohief of Aerodynami~ Grumman Air-

craft Fh@neel-lng Oorp.
Mr. D. H. Jacobso~ Aeroprodncts Operatlo~ AILison Division,

General Motors Corp.
Mr. Frank W. KolQ American Airlines, Inc.
Mr. J. M. Mergen, Director of Ik@neering, Propeller Division,

Cnrtiss-Wright Corp.
Mr. Jamea A. O’MaRey, Jr., Ok&f, Aerodynamic and Propul-

sion Design Department Bell Aircraft Corp.
Dean Kenneth Razalq De- School of Engineering, UniYerslty

of -ivichita.
Mr. W. Z. Stepnlewsl@ Ohi@ Rwearch and Developmen~ Ver-

tol A3mraft Corp.
Mr. Ralph W. May, Secretnry

%bcornrnittee on Seaplanes

Rear Adm. R S. Hatcher, USN (Ret.), Aerojet-General Corpw
Ohairman.

Cap& J. G. Ironmonger, USAF, Air Research and Development
Caomand.

Mr. Iilugene EL Handler, Bureau of AeronautIce, Department
of the Navy.

Mr. F. TV.S. I.m.@ Jr., Bureau of AeronautJ~ Department of
the Navy.

Mr. PhiLlip Elisenberg, Oflice of Naval Research, Deprmhnent
of the h7avy.

Mr. M. St Denis, David TV. Taylor Model BasLn.
Comdr. T. E. Maurer, USN, Naval Atr Test Center, Patoxent.
OapL R. R. JohnsoL USCC4,Western Are% U.S. Coast Guard,
Mr. William J. Husiq Civil Aeronautics Admirdatrd.ton.
Mr. John B. Parkinson, NAOA Langley Aeronrtutictll

Laboratory.
Mr. E El. Brook% Ohief of Hydrodynamic& Convair, DivisloD

of General Dynamics Corp.
Mr.
Mr.
Mr.
Mr.
Mr.

Mr.

C. L. Fenu Chief Engineer, Jildo Oorp.
Grover Loening.
J. D. Piersou The Martin Co.
Daniel Savitsky, Stevena Instltnte of Technology.
Henry B. SuY~ &urnraan Atrcraft Engincerlng Clorp.

Mr. Ralph W. May, Secretmy

!%bcomxnittee on Helicopters

L. L. Douglas, Vice PreMden~ I@’ineering, Vertol Aircraft
Corp., chairman.

Mr. Bernard Lin&mbam& Wright Air Development Center.
Mr. Paul A. Shnmo~ Jr., Wright Atr Development Oenter.
Comdr. J. D. Ku6er, USN, Brtrenu of Aeronautics, Department

of the Navy.
Mr. T. L. TWlso~ OfEce of Naval Research, Department of the

Navy.
LL Cd. Harry L. Bush, USA blllce of the Chief of Research

and Development Department of the Army.
Mr. L. J. Borgw, Oftlce of the Ok&f of Transportation, Deprmt-

ment of the Army.
CapL W. W. Venne~ USCG, Headquarters, U.S. Coast Guard.
Mr. Herbert M. Toomey, Civil Aeronautics Administration.
Mr. Richard 0. Dingeldein, NACA Langley Aeronautical

Labortary.
Mr. 1?. B. Gustafaou NAaA Langley Aeronautical Laboratory.
Mr. Donald H. Wood, NAOA Ames Aeronautical Laboratory.
Mr. Friedrich L. V. Doblhoff, Chief 13nglneer, Helicopter

Engineering Division, McDonnell Aircraft Corp.
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Mr. J. O. Dnunerecq Vice Praklent and Chief Engineer, The
Kamatt Aircraft Oorp.

Mr. Jack D. Gallagher, Vice Presiden$ Operating New York
Airways, Inc.

Mr. Bartmnt Kelley, Vice l?residen~ Engineering, Bell Heli-
copter Corp.

Mr. Ralph B. Lightfoo~ Chief Engineer, Sikors@ Aircraft
United Aircraft Corp.

Prof. R H. Miller, Massachusetts Institute of Technology.
Mr. Oharles M. Selb~ Chtef Engineer, Helicopter Divisio%

CeEenfIAircraft Co.
Mr. Robert Wagner, Chief Elngineer, Hiller Helicopters.

Mr. P. W Lorell, Jr., Secretary

COMMPITKE ON ATRCRAJ?T, MISSILE, AND
SPACECRAFT PROPULSION

Dr. Frederick O. Crawfor& Ohairman of the Board,, Thompson
Products, Inc., Chairman.

Dean O, R. Soderberg, Dean of Engineering, Massachusetts
Institute of TechnoloH, Vice Chairman.

Col. Donald H. Hento~ USAF, Directorate of Reseamh and
Development

Col. John J. B. Calderbank, USAF, Wright Air Development
Center.

Capt. Willoughby Mercer, USii, Bureau of Aeronautic& De
partment of the Navy.

Mr. W. R. Slivka, Aeronautical Turbine Laboratory, Naval
Air Turbine Teat Station.

Col. OIwster W. Clark USA, OfEce of the Ohief of Ordttanc&
Department of the Army.

Mr. Donald D. TVeidhun&r, Ofdce of the Ohief of Transporta-
tion, Department of the Army.

Air, Stephen H. Roll% CM* Power Plant Branch, Aircraft
13ngineerlng Division, Civil Aeronautics Admtnlstration:

Dr. Hugh IL Dryden (ex officio).
Dr, Abe Sflrersteln, NACIALewis Flight Propulsion Laboratory.
Mr, J. P. Butterdeld, Chief Elngineer, Mbwile Operations DIvi-

eion, Ohrysler Corp.
Dr. Alfred G. Cattnneo, Shell Development 00.
Mr, AlIan Ohilton, Director, Weapon Systems Plannlng Gronl%

Westinghouse Electric CIorP.
Mr. D. Ckmbran, General Manager, Flight propulsion Labora-

tory Department General Dlectrlc 00.
Dr. O. Stink Draper, Hea& Deparhuent of Aeronautical Engi-

neering, Massaclmsett9 Instttute, of Technology.
Mr. Dltnitrius Gerdan, Director of E?ttgineering, All&n

DivMon, General Motors Corp.
Mr. S. K. Hotlman, General Manager, Rocketdyne Division,

North American Aviation, Inc.
Mr. Wright A, Pnrkhts, Vice PresidenR Elngtneering, United

Atrcraft Corp.
?Jr, James A- Rei@ Executive Vice President and General

Manager, Astrodynq Inc.
Mr. O. 0. Ross, Vice President Engineering, AerojetA2eneral

Corp.
Mr. Rudolf H. Thiekmanr.L Senior Metfdlnrgis$ Stanford

Research Institute.
Mr. Don L. Walter, Vice PresideaG E@imwring, Marquardt

Atrcraft 00.
Mr. William H. Woodmr~ Secretary

Sn.bcommittee on Fuels

Mr. James A. Reid, Executive Vice President and General
Mrmager, Rocketdyn~ Inc., Chairman.

l12am17-o~7

Mr. Ben F. Wilkes, Directorate of Resear& and Development
U.S. Air Force.

Mr. Marc P. Dnnn~ Wright Air Development Oenter.
Comdr. John O. Banger~ USN, Bureau of Aeronautka, DePar&

mat of the Navy.
Mr. N. L. Kle@ Oflice of tlm Chief of’ Ordnanc~ Deparbnent

of the Army.
Mr. Ralph S. Wl@ Civil Aeronautic Adrniniatration.
Mr. Henry O. Barne~ NAOA Lewie Flight Propulsion Labora-

tcu-y.
Mr. A. J. Blackmvw@ Esso Resezmch & Ek@neering ~0.
Mr. C. S. Brand~ Oonvair, Division of General Dynamics Corp..
Mr. J. L. Cooley, Vice President California R=earch Oorp.
Dr. Allen IL Descher~ Rohm & Haas 00.
Mr. F. G. Dougherty, Allison Division, General Motors Corp.
Mr. Il. A. Droegemueller, Pratt & Whitney Aimrt@ United

Aircraft O@rp.
Mr. John B. Ducknvorth, Research Coordinator, Standard Oil

00. (Indiana).
Mr. D. N. HarrIa, Shell Oil 00.
Mr. W. hf. IIoladay, Director of Guided MiaaUee, Department

of Defense.
Dr. Bernard M. Sturgis, Director, Petrolenm Laboratory, El. I.

du Pent de Nemours & Co.
Dr. IL J. Thompson, Rocketdyne Diviaio~ North berican

Aviation, Inc
Mr. Harold Ii’. Hipsher, Secretmy

Subcommittee on G3mbnstion

Dr. Alfred G. Cattaneo, Shell Development 00., Chatnnan.
Mr. Howard P. Barfleld, Wright & Development Center. -
Mr. Karl Scleller, Wright Air Development Center.
Mr. Nelson F. Rekos, Bureau of Aeronautics, Department of

the Navy.
Mr. Alfred G. Lnndquia~ 013ce of Naval Research, Deparhnent

of the Navy.
Dr. Martin Schtlllng, Redatone ArsenaL
Mr. F. R. Oaldwell, National Bnreau of Standards. .
Dr. Walter T. Olson, NAOA Lewis Flight propulsion Labora-

tory.
Dr. W. H. Avery, Applied Physice Laboratory, The Johtta Hop-

kins university.
Mr. Willtarn J. Benne$ Marqnardt Aircraft Co.
Mr. Oharles H. K@, Jr., United Air&aft Corp.
Mr. Yuan O. I&f+ Director of Research, Aerojet-General Corp.
Dr. Robert S. Levin~ Rocketdyne DivistoL Nor& Amertean

Aviation, In&
Dr. Bernard Lewis, Oombnstion & Explosive Research, Inc. ‘
Dr. John P. Longwell, 13sso Research & Engineering Co.
Dr. S. S. Penner, Oali.fornta Institnte of Technology.
Yrc& Glenn O. WWWuna,Muchusetb Institute of Technology.
Mr. L. M. Zubko, General Electric 00.

Mr. Harold E’. Hipsher, Secretary

Subcommittee on Lubrication and Wear

Mr. Rrank w. Wellotts, AssistantOhiefEnghleer, SKFIn-
dnstri~ In% Chairman.

Mr. Bernard Rnb4 Wright Air Development Center.
Mr. R. O. Shear@ Wright Alr Development Center.
Mr. Sidney III. Clollegemr@ Bureau of Aeronauti@ Department

of the Navy.
Mr. R El. S&eetq Oflice of the Ohief of Ordnance+Deparbmmt

of the Army.
Mr. Ekhnond Hi.Btaaon, NAOA Lewis Flight Propulsion Labora-

tory.
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Mr. a J. Andr@ Pratt & WilitJley Aircr@ united Aircraft
CQrp.

Dr. hIerreii R. Fenak~ Director, Petroleum Refining Labora-
tory, School of Ohemistry and Physi~ The Pennsylvania
State University.

Mr. & S. Irwirq Director of ResearclL Mariln-Rockweii Corp.
Dr. El. G. Jackso~ Smaii Aircraft Engine Department General

EMctric co.
Dr. Robert Q. Larseq Research Director, Martinez Reti.nery,

Sheii Oil Co.
Dr. M. Klngene hferchan~ Cincinnati Miiiing Machine Co.
Dr. W. E hfiiie~ Carbide & Carbon chemicals Co.
Mr. D. H. MoretoU Douglas Aircm&t Co.
Mr. Earle A Ryder.
?dr. J. ht. Stokeiy, ~Ortlh Ikearch tirp.
Mr. George P. TownsenQ Jrq Manager of Engineering, Snnd-

Stllllld Turbo.
Mr. E. J. Zeiiberger, Rocketdyne DivisioL North American

Aviatto& Inc
Mr. Harold Hessin& Secretary

Subcommittee on Compre+som and Tnrbiiea

Dr. George W. WisWen~ Ordnance Resarch Laboratory, The
Pennsylvania State Universi@, Chairman.

Mr. IDrneatC. $impso~ Wright Air Development Center.
Mr. H. D. RoclmIL Bureau of Aeronauti% Department of the

Navy.
Lk Comdr.FrankT. Hemier,USN,Odiceof Navalkearch,

Department of the Navy.
Mr. Ambrose CHnsbnrg,NAOA Lewis Flight Propulsion Labora-

tory.
Mr. Gordon Baner@ Manager, TnrbMIachlnery DivisioL

Aerojet-Generai co~
Mr. VWiiam G. come~ Generai Iillectric Co.
Prof, Howard W. Emmorq Harvard Universi@.
Mr. John R Foley, Pmtt & Whitney Aircm@ United Aircraft

Corp.
Mr. John E. Sanderf$ Cnrthw+lVrightCorp.
Dr. Aian EL Stennins Amiatant professor of Mechanical Eng-

ineering, ?Jaasachnsetta Inr@nte of Te@nolow.
Mr. X. A fhikiq Ohief Thermodynamicistj North American

AviatiotL Inc.
Mr. Paul R V@ Assh@nt Director of Engineering, Rocket-

dyne Divisiorq North’ American Aviationj Inc.
Mr. David Nom Secretary

Subcommittee on Engine Performan co and Operation

Mr. Don 1A Waiter, Vice Presideng Enghweriag, Marquadt
Aircraft co., chairman.

Lt COLH. W. Robbins, USAF, Air Research and Development
Command.

Mr. Eweli O. Phiiliw Wright Air Development Center.
Mr. A S. AWnson, Bureau of Aeronautics, Deparhnent of the

Navy.
00L Wiiiiam A Tea@ Divblon of Reactor Deveiopmen~

Atomic lilnergy Commission.
Mr. Il. J. Brim civil Aeronautics AdminWration.
Mr. Bruce T. Lnndin, NAOA Lewis Flight propulsion Lab-

oratory.
Mr. Rndolph Bodemniier, Bendix products Divisiou Bendix

Aviation Corp.
Mr. Rns@i. S. ~ Aliiwn Divi@o~ General Motors Coqp.
Dr. Krafft A. Ehrick~ Convair, Astronanti@ Division of Gen-

eral Dynamics Corp.
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Mr. R D. Geckier, Vice president Solid Rocket Plant Aeroje&
General Corp.

hfr. DiiiOtt V. MOCk,Boeing AirPklne 00.
Mr. Perry W. l?ra~ Vice President and Chief sclentis~ United

Aircmft Corp.
Mr. John F. Tormey, Director of Deveiopmen~ Astrodyne, Inc.
Mr. George S. Trimbl~ Jre VW Preaiden~ Fingimmring, The

Martin co.
Mr. R H ‘iVidmerj Assistant Chief I?h@neer, Convair, Dlvlsion

Of General DynamicE Corp., FOrtWOrth.
Mr. El. Wo~ Manager, Engineering, Smail Aircraft Elngine De-

mmk General mectrlc co.
Mr. Lee R. Woodworth, propulsion Research Corp.

Mr. James L+uzar,Secretary

%bcommhtee on Power Plant Controls

Dr. C. Stark Draper, Hea& Department of Aeromntical Eln-
ghwering, Massachusetts Instltnte of Technology, Uhairman,

Mr. J. G. Bimre@ Wright Air Development Center.
Mr. Robert R Brow Bureau of Aeronautics, Department of

the Navy.
Dr. C. F. Bjork, Redstone ArsenaL
Mr. Joti U. SandeW NAOA Lewis Flight Propulsion

Laboratory.
Dr. John L. Barn% Presiden$ SyEtems Corp, of America.
Mr. Rudolph Bodemniier, Bendix Products Division, Bendix

Aviation Corp.
Mr. IL T. Dnngan, Marquardt Aircraft Co.
Mr. Harold ?3. Franc@ Chief Project Elnglneer, Ohandler-

Evaas Division, Pratt&Whitney CO.,Inc.
Dr. HanE R Friedrich, C@vair, Astronautics, Division of Gen-

eral Dynamica Corp.
Dr. D. H. Gamble General Electric Co.
Mr. Wiiiiam K Hand, North American Aviation, Inc.
Mr. George F. Kingho~ Midie Systems Division, Lockheed

Aircraft Corp.
Mr. Bruce N. Tore~ Pratt& Whitney Aircr@ United Aircraft

Corp.
Dr. James W. Wheeler, Director, Instrument E@lneerlng,

Sperry Gyroscope Co. Division of Sperry Rand Corp.,
Mr. David Noviiq Secretary

Subcommittee on Power Plant Materials

Mr. Rudolf H. !l?hielemann, Senior Metaiinrgist Stanford Re-
search Institntq Chairplan.

LL COLIL W. Conners, USAF, Air Research and Development
command.

Mr. J. B. Johnson, Wright Air Development Center.
Mr. Nathan El. Promisd, Bureau of AOrOMUtiCS,Department

of the Navy.
Mr. J. J. Harwoc@ Oftice of Naval Research, Department of

the Navy. \

Mr. Norman L R* Watertowm ArsenaL
Mr. S. S. Manson, NACA Lewis Flight Propnlalon Laboratory.
Mr. TV. L. Badger, Manager, Thomson Laboratory, Smail Air.

craft Engine Department General EIlectric Co.
Mr. Lee S. Bus@ Maiiory-Sharon Titanium Corp.
Dk F. N. Dar- Utica Metals DiviMou Kelsey-Hayes Co.
Mr. Glenn A JiTitzlexL Technicai Director, Development and

Technical %rvic~ Haynes Steiiite Co.
Mr. L. 11 Giib@ Head, Materials Department, Azuaa Opera-

tions, Aerojet-Generai Corp.
Prof. Nicholas J. Gran~ Afassachusetts Institute of Technology.
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Mr. Wiiliam D. Manly, Assodate Director, Metallurgy Divislorq
Oak Ridge NatioMl Laboratory, Union Carbide Corp.

Dr. Edward E. Reynolds, Assistant Director of Research, Al-
legheny Lndhun Steel Corp.

Mr. Francis hf. Richmond, Manager of Materials R@warch,
Ualverenl Cyclops Steal Corp.

Mr. W. H. Sharp, Pratt & Whitmey Aircraf$ United Aircraft
Corp.

Dr, E. N. Skinner, International Nickel Co.
Mr. Andrew G. Slack@ Wright Aeronautical Divisionj Curtiss-

Wrlght Corp.
Mr. Harold Hessing, _tiY

Subcommittee on Rocket En.ghwx

Mr. U. O. Ross, Vice Presiden$ Engineering, Aerojet-General
Corp., Chairman.

Maj. William J. Henderson, USAF, Air Research and Develop
ment Command.

LL Col. L. F. Ayres, USAF, Ballistic Misdle DivMon, Air R&
search and Development Command.

Mr. Oscar Bessio, Bureau of Aeronanttm Department of the
Navy.

Mr. Frank I. Tanczo& Bureau of Ordnancq Deparhnent of the
Navy.

Mr. James R. Patton, 013ce of Naval Research, Department of
the Navy.

Mr. James E. Normw Redstone ArsenaL
Cal. J. L. Armstrong, Division of Reactor Development Atomic

Energy Commimion.
Mr. John L, Sloop, NACA Lewis Flight Propulsion Laboratory.
Mr. John D. Alexander, Advanced Projects 19ngineer Wmf@?r,

Pilotlew Aircraft Division, Boeing Airplane Co.
Mr. Richard B. Oanrigh~ Advanced Research Projects Agency,

Department of Defense.
Mr. Allen 1?.Donovan, The Ramo-Wooldridge Oorp.
Dr. H, F. Dunholter, Ohief Development Engineer, Convair,

Astronautics Division of General Dynamics Cap.
Mr. W. M. Hawk@ Missile Systems Divisio~ Lockheed ~-

Craft Corp.
Dr. P. L Nichols, Jr., Jet Propulsion Laboratory, Oalffornia

Institute Of T@lllOIO&’y.
Dr. H. W. Ritchey, Technical Director, Rocket Divisions, Thio-

kol Ohemical Corp.
Mr. EL L. ThackwelL Jr., Vice President Grand Central Rocket

Co., Inc.
Mr. John l?. Tormey, Director of Development Astrodyn% Inc.
Mr. John R. Yotmgquis~ Denver Dividow The Martin Co.
Dr. Maurice J. Zucrow, Professor of Jet Proprdsio& School of

Mechanical EInglne@ring,Purdue Unfverai@.
Mr. Benson l% Gammon, Secretary

COMMITTEE ON ADKRAET,MISSH& AND
SPACKCRAJ?T CONSTRUCTION

Mr. Charles J. McClarthY, Ohairman of the Boarc$ Chance
Vought Atrm@ Inc, Chairman.

Mr. George Snyder, Eaglneering Manager, Pilotless Aircraft
Division, Bodng Airplane Oo., Vice Oh@rmam

Mr. Carl Il. Reicher4 Wright Air Development Oenter.
Comdr. G. S. Parre% USN, Bureau of Aeronauti~ Depart-

ment of the Navy.
Mr. D. M. Thompsoni Otlice of the Chief of Transportation,

Department of the Army.
Mr. Albert A. Vollmeck% Civil Aeronautic Administration.
Dr. Hugh L. Dryden (ex otlido).

Mr. Robert IL CXhx@ NAOA Langley Aeronautical Labora-
tory.

Mr. John F. Parson& NAOA Ames Aeronautical Laboratory.
Proil Raymond L, Bisplingho~ Professor of Aeronautical En-

gineering, ?W+iwachusettaInstitute of Technology.
Mr. Ralph B. Davidson, Director, Technical Support Dhlskm,

Radioplanq Division of Northrop Mmr@ Inc
Mr. Martin Goland, Director, Southwest Rwearch Institute.
Dr. Nicholas J. Ho@ Head, Dlvk?ion of Aeronautical Eaglneer-

itlg, stanford university.
Mr. D. R. Kirlq Convair, DivMon of General Dynamics Oorp.j

Fort Worth.
Mr. Jerome B. McBr@, &Matant General Manager, Oali-

fornfa DivMo~ Lockheed Afrcraft Corp.
Dr. J. O. McDonrd& Missile Systems Division, Lockheed Air-

craft Corp.
Mr. Herman Push Director of Engineering, Engineering Divi-

sio~ The Martin 00.
Mr. George D. Ray, Ohief Ehtginww,Aircraft Divhdon, Bell Air-

craft Corp.
Mr. Richard L. Sddeicher, Chief Structures I!%@neer, North

American Aviatioq Inc.
Mr. O. H. Stevenso~ Douglas Aircraft Co., Inc.

Mr. Franklyn W. Phillips, Secretary

%bco-ttee on Strictures

Mr. O. H. Stevenso~ Douglas Aircraft Co., In% Chahnam
Capt. W. T. ilfcGiuness, USAJ7, Air Resemch and Development

Command.
Mr. William B. Miller, Wright Air Development Center.
Mr. Ralph L O- Bureau of Aeronauti@ Department of the

Navy.
Mr. Iilmfl A. H. Hellebran~ Army BallhMc MissUe Agency.
Lti CoL Richard L, Long, U~ Transportation Supply and

hkintanance Command.
Mr. James H1.Dougherty, Jrm Civil Aeronautics Adminhtmtion.
Mr. Richard R. Heldenfels, NAOA Langley Aeronautical Lab-

oratory.
Mr. Cllen Goodwin, NA.OA Ames AerOItltUticd Laboratory.
Mr. Lewis H. Abraham, Missiles Divisio~ Douglas Aircraft

co., Ine .
Mr. George N. lhuguri~ Chief Analytical Engineer, Northrop

Aircraft Ine
Mr. William IL MM@ The.ltand Corp.
Prof. Paul El. Sando@ Massachuseti% Institute of Technology.
Prof. Ill. Ill Sechler, Professor of Aeronauti~ California Insti-

tute of Technology.
Mr. Robert S. Shorey, Convair, tionauti% Division of @n-

eral Dynamics Corp.
Mr. Arne Sorensm Bodng Airplane 00.
Mr. E. H. SpauMin& Ohief Structures Engineer, Structural

--g, Lockheed Mrcraft Oorp.
Mr. John E. Stevm Ohance Vought Ai.rcr@ MC

Mr. Melvin G. Roach& Secretary

Snbconunittee on Lode

Mr. Ralph B. Davtdsq Director, Technical Support Divisionj
Radioplan@ Division of Northrop .lircraf~ Inc, Chairman.

Capt., Roy El. Hal% Jrw USAF, Air Resear@ and Development
command.

Mr. Howard EL Kugel, Wright Air Development Center.
Mr. Clinton T. Newby, Bureau of Aeronauti@ Department of

the Navy.
Mr. John Beeb% Oface of the Chief of Transportation, Depart-

ment of the Army.
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Mr. Oharltw IL Foster, Waterways Experiment Statiom Oorps
of Engineer% Us. Army.

Mr. Robert Rosenbaum, Oivil Aeronautics Administration.
Mr. Philip Donely, NACA Langley Aeronautical Laboratory.
Mr. Manley J. Hoc@ NACA bea Aeronautical Laboratory.
Mr. D. ELBeeler, NAOA High-S~ Flight Station.
Mr. Albert Epstein, Republic Aviation Corp.
Mr. Robert Gold@ Ohief structural Design Engineer, Bell

Aircraft Corp.
Mr. ELZ, Gray, Boeing Airplane 00.
Mr. H. J. Ho% North American Aviatio~ Inc.
Mr. H. W. HunUey, Jr., North American Aviation, In% Downey.
Mr. Albert J. K- Manager, Flight Vehicle D&dgn Depart-

nmn~ The Martin Co.
Mr. TV.A. StanHer, Lockheed Aircraft Corp.
Dr. Leo StoohnU Head, Aerodynamics Deparbnen4 Hughes

Ahwraft 00.
hfr. Yale ~eismaq Convair, Division of Gmeral Dynamics

Oorp.
Mr. R. Fabian Goranso~ Secretary

Snbcornmittee on Viiration and Flutter

Mr. Martin Golam% Director, Southwest Research Institute
Ohdrman.

Mr. Fred IL Daum, Wright Air Development Oenter.
Mr. W. J. MYkytow, Wright Air Development Center.
Mr. Douglas MM@ Bureau of Aeronautic Deparbnent of

the Navy.
Mr. Phllipp TV. ZettlerSeldel, Army Ballistic Missile Agency.
Maj. Walter B. Schlotterbeclq USA Transportation Research

and Engineering Command.
Mr. Robert Rosenbaun& Olvil Aeronautics Adminktratlon.
Mr. L El. Wrric& NAOA Langley Aeronautical Laboratory.
Mr. Albert l!lrickso~ NAOA Ames Aeronautical Laboratory.
Mr. Anti J. Meyer, Jr. NACA Lewis Flight Propulsion Lab-

oratory.
Mr. Thomas 1?. Baker, NAOA High-Speed Flight StatiOrL
Mr. Walter Ill. Arnold4 HamRton Standard Div., United Air-

craft Oorp.
Prof. Holt Ashlw, Mwaachmetts Institute of Technology.
Mr. Ihgene F. Baird, Chief Flutter and Vibration IQineer,

ChuOrnan Akcraft Engineering Corp.
Mr. Michael Dubl.iw Ohief of Dynarakj Oonvair, Division of

General Dynamics Oorp.
Mr. Warren T. Htmter, Oh@ Automatic Control Sectioq Mis-

sile Engineering, DoUglM m~t ~., J-IK.
Mr. H. Clay Johnso~ Jr. Cont3guratIon Manager, The Martin

Co., Orlando.
Mr. William IL Laidlaw, North American Aviatio% In&, Oo-

lumbw
Mr. L. I. Mirowi@ McDonnell Aircraft Corp.
Mr. M. J. Tarrier, Unit ohie~ Structural DymunictL Seattle

Dmislo~ Boeing Airplane Clo.
Mr. Harvey H- Brow Secretary

%bcommitea on Structural Materials

Dr. J. O. McDonal& M@dle Systems Divisio~ Lockheed Air-
craft Corp., C-hairman.

Maj. F. O. Krog, USAli’, Air Research and Development
co InInand.

Mr. J. B. Johnsoq Wright Air Development Center.
Mr. Nathan El.Promisel, Bureau of AeronantIw Deparbnent of

the Navy.
Mr. Jerome Persh, Bureau of Ordnan~ Department of the

Navy.

Dr. TV.H. Stenrer, IWdstone ArsenaL
Mr. George 1. Schuck, Transportation Research and I!h@neerlng

command.
Dr. Gordon M. Hlim+ Chief, Organic and Fibrous Materlrils

DivkdoI&National Bureau of Standards
Mr. James E. Dougherty, Jr., Civil Aeronautics Adrainistratlon.
Mr. Panl KuhrL NAOA Langley Aeronautical Laboratory.
Mr. G. Mervin AuIC NAOA Lewis Flight Propulsion Laboratory.
Mr. Robert S. Anw$ Goodyear Aircraft Corp.
Mr. Pad W. Boone, The Martin Co.
Mr. Harry A, Oampbell, Bell Aircraft Oorp.
Mr. Edgar E D= Jr., Assistant Director of Reswnyh, Alnmi-

num Co. of America.
Prof. Po1 Duwez,California Institute of Technology.
Dr. Walter L. Finlay, Director of Re6earch, Crucible Steel Co.

of America.
Mr. L. IL Jackson, Aefdstant Director, Battelle Memorial

Institnte.
~. Peter Payso~ AM&ant Director of Research, Orucible

Steel Co. of America.
Mr. M. J. Rndi@ Ohance Vought Aircraf~ Inc.
Dr. George V. StnitlL Professor ,of Metallurgical Engineering,

Cornell University.
Mr. J. TV.Swee~ Boeing Airplane Co.

Mr. R. H. Raring, Secretary

Ckwnrnitteeon Aircraft Operating Problems

Capt, E. V. Rickenbacker, Ohairman of the Board, IMatern Air
Lin~ hlC., Chairman.

HOIL James T. Pyle Admtnhtrator of Olvil Aeronrmtlcs, Vice
Chairman.

00L Joseph Da- Jra US’-, Wr!ght Air Development Center,
OapL J. R. Brow USN, Bureau of Aeronautic Department of

the Navy.
C%LHallett D. Edson, USA Office of the Deputy Ohlef of Staff

for Military Operations, Deparhnent of the Army.
COLJ. L Marinelllj USA Presiden& U.S. Army Aviation Board.
Mr. William B. Dav@ Deputy Administrator, Oivil Aeronautics

Administration.
Mr. Donald M. Wur@ Director, Technical Development Center,

Civil Aeronautics Administition.
Dr. F. IV. Reichelderfer (es ot3icio), Ohief, U.S. Weather

Bureau.
Dr. Hugh L. Dryden (ex officio).
Mr. h.telvin N. Gough, NAOA Langley Aeronautical Laboratory.
Mr. Lawrence A. Olousing, NAOA Ames Aeromutlcal

Laboratory.
Mr. Eugene J. Manganiello, NAOA Lewis Flight. Propulsion

Laboratory.
Mr. Ralph L. Bayl~ Chief Ih@neer, San Diego Divitdon,

Convair, Division of General Dyriamics Corp.
Mr. M. G. Bear& bsistant Vice president, Eqnipment Research,

American Airline$ Inc.
Mr. John G. Borger, Pan American World Airways System,
Mr. Warren T. Dickinsou 13xecntive Engineer, Douglas Air-

craft co., In&
Mr. Charles Froesch, Vice President I?h@neerlng, IOasternAir

Lin~ Inc.
Mr. M. Carl Haddo& Director, Marketing, California Dlvlsion,

Lockheed Aircraft Corp.
Mr. Raymond D. Kelly, Superintendent of Technical Develop-

men~ Ufited Air Lln~ Inc.
~. Jerome Lederer, Managing Director, I’llght Safeh’

Ii’onndation.
Mr. William Littlewoo& Vice President Equipment Research,

American Airlinef$ Inc.
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Mr. Maynard L. Pennell, Ohief Engineer, Transport Division, Mr. Carl M. Christenson United Air Lin~ Inc.
Boeing Airplane Co. Mr. Allen TV.DaUa& Director, Engineering Divisio~ Air Trana-

Afr. Robert TV. Rnmmel, Vice Presiden~ Eingineerimg, Trans port Amodation of Ameria
World Airlines, Inc. Dr. Paul M. Fitt& Jrv Department of Psychology, University of

Mr. OLarenceN. Sayen, Preidden~ Air Line Pilots Assodation. Michtgan.
Mr. Arthur Il. Smittq AssWant General Manager, Pratt & ~ Scott Flower, Pan American World Airway% Inc.

Whitney Aircraf6 United Aircraft Corp. Mr. Dnnstan Graham, Lear, Inc.
Dr. T. L. K, Sm~ Secretary Mr. A. Howard Hasbrook, Director, Aviation Crash Injury Re-

search Of 00~W University.

Subcommittee on Meteorological Problems Mr. Otto El Kirchner, Sr., Operational OonsuItan$ Transport
Division, Boeing Airplane Co.

Dr. I?. TV. Reichelderfer, Chi~ U.S. Weather Bureau Chair- Mr. Jerome Lederer, Managing Director, Flight Safety Ii’oun-

man. dation.

b[r. Edmund Brotnley, Air Research and Development Corn- Dr. Ross L McFarland, Harvard School of Public Health.

nmnd. Mr. William I. Stiegli@ Design Safety Emgineer, Republic

Cktpt. John F. Tatom, USN, Director, Naval Weather Service Aviation Corp.

Division, Office of the Chief of Naval Operations. Mr. IL L. Thoreq Chief Eh@neer, Flight T- California Dl-

Mrs. Frrmces L. Whedow Ornce of the Ohief Signal 0i3icer, visio~ Lockheed Aircraft Corp.

Department of the Army. Mr. EL H. Young, Flight Safety Engineer, Douglaa Aircraft

Dr. firry Wexler, Director of Meteorological Research, U.S. 009 Inc.

Weather Burenu. Mr. Boyd CLMyers II, Secretary

Mr. William R. Krieger, Civil Aeronautics Administration.
Mr. TWllkun Ii HalnoIL Civil Aeronautic Board. Subcommittee on Aircraft Noise

Mr. Harry Press, NACA Langley Aeronautical Laboratory. Mr. william Littlewood, Vice President Equipment
Mr. William Lew@ NACA Lewis Flight Propulsion Laboratory. American Airlines, kc, Chairman.
Dr. Horace R, Bye= Profewor of Meteorolo=, The University Dr. EL O. Parram Wright Air Development Center.

Research,

of Uhieago. Dr. H. D. von Gierk% Wright Air Development Oenter.
Mr. Carl F. Eck, Air Line Pilots Association. Comdr. B. K. Weaver, USN, Bureau of Aeronautics, Depart-
Mr. Joseph J. George, Eaatern Air Lima, Inc. ment of the ATavy.
Dr. Ross Gunn. Mr. Joseph Matulaitls, 013ce of the Chief of Tranaportutio~
Air. Henry T. Harrison, Jr., Director, Meteorology, United Air Department of the Army.

Lin~ Inc.
Prof. H. G. Houghton, Masmchusetta Institute of Technology.
Mr. D. S. Little, Superintenden~ Airway Aids and Electronics,

American Airlines, Inc.
Mr. K J. Reid, Manager, Plight Operation& Oapital Airlines,

Inc.
Dr. @orge N. Taylor, ?Jissile Systems DivisioL Lockheed Air-

craft Corp.
Mr. Frank 0. Whi@ Afr Tranaport Association of America.

Mr. Mason T. CharQ Secretary

Subcommittee on Flight Safety

Mr. CJharlesFroesch, Vice President Engineering, Ehstern Air
Lines, In% Ohairman.

Dr. Albert W. Hetheringtoq Jr., Air Research and Develop-
ment Command.

Col. John P. Stapp, USAF, Uhief, Aero Medical Laboratory,
Wright Ah Development Center.

Mr. Sydney D. Berman, Oflice of the Inspector General, U.S.
Air Ii’orce.

Oapk 13hvin L. Farringto~ USN, Director, Aviation Safety Di-
vision, Ollice of the Ohlef of Naval Operations.

(ML James F. Wells, USA Dirwtor, U.S. Army Board for
Aviation Accident Reseaxch.

Mr. TV. K Wee@ Chief, Aircraft Engineerlmg Division, Civil
Aeronautics Administration.

Hon. Jamea T. Pyle (= otllcio), Abinistmtor of Civil Aero-
nautics.

Mr. Melvin N. Gong@ NAOA Langley AcroMuticd Laboratory.
Mr. George D. Cooper, NACA Ames Aeronautical Laboratory.
Mr. L Irving Pinke~ NAOA Lewis Flight Propulsion Laboratory.
Mr. Joseph A. Walker, NAOA High-Speed Flight Station.
Hon. Joseph P. Adams, Association of Local and Territorial Air-

lines.
Mr. Robert N’. Bu& Trans World Airlln% Inc,

Mr. Stephen H. Rolle, Ohief, Power Plant Branch, Aircraft
Engineering Divhdonj Civil Aeronautics Adminishtlon.

Mr. B. S. Spano, Oivil Aeronautic Administration.
Mr. Arthur A. Regier, NAOA Langley Aeronautical Laboratory.
Mr. Newell D. Sandera, NAOA Lewis Flight Propulsion Labora-

tory.
Dr. Leo L. Beranek, President and Bol~ Beranek & Newman,

Inc.
Mr. L W. Oobb, Aeroje&Generrd Oorp.
Mr. Allen TV.Dallas, Director, Engineering Division, Air Trans-

port Assodation of America.
Mr. Harry H. How- Transport Division, Boeing Airplane Co.
Mr. H. J. Kirchman, The Martin Co.
Dr. Robert B. Lawhead, Rocketdyne DivisiorL North American

Aviatio~ Inc.
Prof. R W. Leonard, University of CaHfornim
Mr. ill. ill. Miller, Ohief, Aconatica Section, _Douglas Aircraft

00., Inc.
Dr. Charles T. Molloy, Lockheed Aircraft Crop.
Mr. John M. Tyler, Pratt & Whitney Aircr@ United Aircraft

Oorp.
Dr. P. J. lVestervel& Assistant Professor, Department of

Physics, Brown Unimmity.
Mr. J. F. Woodall, Oonvair, Division of General Dynamics

Corp.
Mr. George P. Bates, Jr., Secretary

INDU.WRY CONSULTING COMMITTEE

Mr. J. L. Atwood, President North American Aviationj In%
Ohairman.

Mr. M. P. Ferguson, Presiden& Bendix Aviation Oorp., Vice -
Chairman.

Mr. Harvey Gaylor@ President Bell Helicopter Oorp.
Mr. William Little~ood, Vice Presiden~ E@pment R~,

American Airlines, Inc.
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Mr. J. S. Mcllonnm Preaiden~ MOomell Aircraft Corp.
Mr. El. B. Newill, General Manager, Allison Divisiorq General

Motors Corp.
Dr. Arthur ELRaymond, Vice Prestden~ Engineering, Douglas

Aircraft 00., Inc
Mr. O. J. Reesq president Continental Motors Corp.
Mr. Juan T. Trim presiden~ Pan American World Airways,

Inc
Dr. T. L. K. Smm Secretary

SPECIAL COMMJ3TBE ON SPACE TECHNOLOGY

Dr. H. Gnyford Stever, Associate Dean of Engineering, hlasss-
chusetts Institute of Technology, Ohairman.

COLNorman O. Appoldj USAF, Air Resenrch and Development
command.

Mr. Abraham Hyat~ Bareau of Aeronaut@, Department of
the Navy.

Dr. Wernher von Bra~ Army Ballistic Misile AgCWY.
Dr. Hugh L. Dryden (+ZSotlldo).
Mr. Robert R Gilruth, NAOA Langley Aeronautical Laboratory.
Mr. H. Jultan AUeIL NAOA Ames Aeronallticd Laboratory.
Dr. Abe Silverstein, NACA Lewis Flight Propuhion Laboratory.
Dr. Hendrik W. Bod~ Vice Presiden& Bell Telephone Labora-

torie& Inc
Dr. Milton U. Olauaer, Director, Aeronautical Research Labora-

tory, The Ramo-W’ooldridge Cap.
Profi Di+e IL CorsoL Cornell University.
Mr. J. IL Dempsw, Manager, Convair, Astronautics, Division

of General Dynami@ COrP.
Mr. S. IL Hoilman, General Manager, Rodietdyne Division,

North American AviatioU Inc.
Dr. W. Randolph Imelace II, Lovelace Foundation for hfed-

ical Education and Research.
Dr. W. EL PickerlnG Director, Jet Propulsion Laboratory, Calt-

fornh Institnte of Technology.
Dr. Louis N. Itidenour, Assistant @mmal Manager, Research

and Development MMsile Systems DIvisio~ Lockheed Air-
craft Corn

Dr. J. A. Van AR- State Unlveraity of Iowa.
Mr. (YarlB. Palmer, Secretary

Working GroIIp on Space Research Objectives

Dr. J. A. Van Alk+ State University of Iowa, Ohdrmam
ProL Dale R. Corso~ Cornell University, Vice Ohatrman.
COL Norman 0. Appol&-USAF, Air Research and Development

command.
Mr. Robert Cornog, The Ramo-lt’ooldridge Clorp.
Mr. Robert P. Haviland, Systems Planning Engineer, General

Electric 00.
Dr. J. R. Piercq Director of Research, Dlectricd Oonmmnica-

tions, Murray Hill Laboratory, Bell Telephone lldmatorie%
Inc.

Profi Lyman Spitzer, Jr., Princeton University Observatory.
Mr. n. o. Pearao% secTetarY

Working Group on Vehicular Program

Dr. Wernher von Brann, Director, Development Operations Dl-
visionj ArmY Ballistic MbMle Agency, Ohairman.

Mr. S. IL HofBaarL General Manager, Rocketdyne DivMon+
North American Aviatio& In% Vice Ohairman.

C+ILNorman O. Appold, USAF, Air Research and Development
Oommand.

Mr. Abraham Hya~ Bureau of Aeronautic& Department of the
Navy.

Dr. Louis N. Ridenour, Assistant General Manager, Research
and Developmen~ we Systems Division, J.mlrheecl Air-
craft Corp.

Dr. Abe Silversteirq NACA Lewis Flight Propulsion Laboratory.
Dr. Kraftt A. IObrick~ Convair, Astronautics, Division of Gen.

eml Dynamics CorP.
Mr. M. W. Hunter, Ohief Missiles Design Engineer, Douglas

Atrcraft co., Inc
Mr. CL C. Rem, Vice President Iih@neering, Aerojet-aeneml

Corp.
Dr. Homer J. Stew@ Jet Propnlaion Laboratory, CnUfornIa

Inatitnte of Technology.
Mr. George S. Trhnble, Jr+ Vice president I?lngineering, The

Martin Co.
Mr. Willlam H. Woodward, Secretary

Working Group on Reentry

Dr. Milton U. Clauser, Director, Aeronautical Research Labora-
tory, The Ramo-Wooldridge Corp,, Uhairman.

Mr. EL Jnlian Allen, NAOA Ames Aeronautical Laboratory,
Vice Chairman.

Dr. Mac CLAdams, Deputy Dtrector, Avco Research LaboratorY,
Avco Mannfactaring Corp.

Dr. Alfred J. EggeI& Jr., NACIAAmes Aeronautical Laboratory.
Mr. Maxime A. Fage~ NAOA Langley Aeronautical Laboratory.
Dr. A. H. Flax, Vice President and Assistant Director, Tech-

nt~ Cornell Aeronautical Ikboratory, In&
Profl Lester Lees, Guggenheim Aeronautical Laboratory, Uali-

fomia Institute of Technology.
hfr. Harlowe J. Lmgfelder, Systems E@ineerbg Director,

Boeing Airplane 00.
Dr. J. Cl. McDonald, Missile Systems Division, Lockheed Air-

craft Corp.
Profl S. A. Schaaf, University of California.
COL John P. StaPP, USAF, Oh@ Aero Medical Labomtory,

Wright Air Development Oenter.
Mr. IL E’abian Goranson, Secretary

Working GroIIp on Rangq hun~ and Trackiug Facilities

Mr. J. IL Dempsey, Manager, Oonvair, Ashonautl~ Division
of General Dynrunica ~OrP. Ohairman.

Mr. Robert R Gilrnth, NAOA Langley Aeronautical Labora-
tory, Vice Ohairman.

00L Paul T. Cooper, USAF, Depnti Commander, Range, Air
Force Mhmile Ted Center.

hlr. L. G. deBey, OhieZ Electronic Measurements Branch, Bal-
listic Research Laboratory% Aberdeen Proving Ground.

Mr. Oarl Elrmst Duckefi Army Ballistic Missile Agency.
Comdr. Robert F. F’reItag, USN, Naval Air Missile Test @uter.
Prof. J. Allen Hyne& Astrophyskal Observatory, Smithsonian

Instigation.
Mr. John T. Meng@ Naval Resear& Laboratory.
Mr. Grayson Meru General Manager, Fairchild Guided Mis-

siles Divisionj Fairchild 13ngine & Airplane Uorp.
Mr. Oarl B. Pahner, %cretary

Working Group on Instrmnentation

Dr. W. E Pickering, Director, Jet propulsion Laboratory, Cali-
fornia Institnte of Technology, Ohairman.

Dr. Lonia N. Ridenonr, Assistant General Manager, Research
and Development Misstle Systems Dlviaion, Lockheed Air-
craft Corp. vice Ohairman.

Dr. Henrik W. Bodq Vice Presiden& Bell Telephone Labora-
tories, InC ~
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Mr. Robert W. Buchhdm, The Rand Corp.
Mr. Harry J. GOetg NAUA Ames Aeronautical Laboratory.
Dr. Albert O. H- Direetor of Engineering, DenveE Division,

The Martin Co.
Mr. Dberhardt RecM@ ret Propulsion Laboratory, Ualffornia

Inetitnte Of Technology’.
Dr. William T. EtusseL Space Technology Imboratoriw, Inc.
Dr. Robert 0. %un~ Jrv ROA Airborne Systems Laboratory.

Mr. Bernard Maggin, Secretary

Working Group on Space Surveillance

Dr. Hendrik W. Bodej Vice Predden$ Bell Telephone Iaborato-
rles, Ins, Ohairman.

Dr. W. EL Pickering, Director, Jet Propulsion Laboratory, Cali-
fornia Institute of Tedmolo~, Vice Chairman.

Mr. Wilbur B. DavenpoX Jr. Head, Communlcatione and Com-
ponents DiviaioIL Lincoln Laboratory, Mae-sachusetts Insti-
tute of Technology.

Mr. W. B. Hebenatrei$ Direetor, Special Programe, Space Tech-
nology Laboratories, Inc.

Mr. Richard S. Leghor& ITEK Corp.
Mr. K. G. Afaeldshj Aeaietnnt Director, Research and Develop

ment Departmen~ Apparntne and Optical Div@ioL Elastraan
Kodak W.

Dr. William B. McI.ew& Technical Director, U.S. Naval Ord-
nance Test Station.

Mr. A. H. Shapley, Boulder Laboratories, National Bureau of
Standards.

Dr. Fred L. Whipplq Director, &trophysical Observatory,
Smithsonian Institution.

Mr. Carl B. Palmer, Secretary

“ Working Group on Human Factom and Training

Dr. TV. Randolph Lovelace II, Lovelace Foundation for Medi-
cal Education and Remar4 Chairmau

Mr. A. Scott Oroasllel~ North kuerican Aviationj Inc
Mr. Hubert M. Drakej NACA High-Speed Flight !%ation.
Brig. Gen. Donald D. Flickinger, USAI’ (MO), Director of

Human Factors and Staff Surgeonj Alr Research and Devel-
opment Oommand.

001. Edward B. Wller, USAF, Deputy Oommtmder for Spedal
Projects, Air Force Spedal Weapons Center.

Dr. Jam= D. Hardy, Medical Laboratory, U.S. Naval Air De-
velopment Center.

Mr. Wright Haskell Langhamj Loa Alamos SdentMc Labora-
tory, University of California.

Dr. Ulrlch C. LufG Hem% Phyaio@y DeparhnenG Lovelace
Foundation for Medical Education and Research.

Mr. Boyd O. Myers II, Secretary
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Part 111-FINANCIAL REPORT

Funds appropriated for the Canrnittee for the fiscal Years 1958 and 1959 and obligations amtit the fisml Y= 19M WPro-
priations are-is f~llows:

I FklalyearlW

Alfommnts

SALARIESAND EXPENSES APPROPRIAmON

NACA Hadquti ---------------------------------------------------
Langle Asron+utiml bkmtiw -----------------------------------------

1’

$1,971,000
28, 947, 150

Afrlea q’onautlcal hbmtiu ------------------------------------------- 15, 194,498
. Lewis Fhght I+opuhdon Uhmtig -------------------------------------- 25,221,525

High-Spe@Fhght Statio~---------------------------------------------- 2,584,527
Pilotless hrmaft Sktion ------------------------------------------------ 1,750,310
Weatern Cm-dinatipq Offim-----------_---------------__-__----=-------- 40,797
VWght-Pattermn *n Offlw---_=--=---7------_____-___-fl------------- 19,000
Rewarchcmtracta ~theducational tilti~lom ---------------------------- 410,000
Research ccmtraots mth Government Wench=_ ---___ --=-------------------- 90,000,

‘&G:;$:2dYEw*-z-=-Y__Y_ ::-::??Y::-?:!::::::::::: ‘%’2 %

Total ----------------------------------------------------------- I 76,076,209

CONSl!EUCTfONANDEQUIPWdNTAPPROPRIATION

Langle Aemn:utid ~bomti~-----------------------------------------
1

11,879,000
Am% e-mmutid ~bomtiW ------------------------------------------- 11,355,000
LewIsFh htRopti?n bbomti~--------------------------------------

$
16,406,000

Pilotless ~c*Stahon ------------------------------------------------ 1,660,000
Unob@ted bhnce ------------------------------------------------ -----4---------

Total ----------------------------------------------------------- 841,200,000

Oblf@ions

$1,%8,201
28,897,306
16, 149,417
26,192,055
2,565,353
1,743,025

39, 170
18,782

410,000
90,000

(1,43:;;:
1

76,076,209

> ;3$ :3;

5;269; 793
580,440

426,309,489

41,200,000

Flsmly~ 19SU

Alfotmenta

$2,083,660
30,368,000
16,380,360
2363$ ()):

1;170;920
40,606
21,376

850,000
150,000

(3, 364, 000)
--------.--. .

981,464)000
,

11,350,000
3,720,W0
7,800,000

130,000
-------- 4----

S23,000,000

Fundaa pro@ated in the Supplemental Appropriation Act, 1959, approved Auguti 27, 1958, for the National Aeronautics
andSpaceALration forthefkal earM5!3aresetforthbelow. Underauthorityo ftheNatiotiAeromutimmd S~$~~
of 1958, approved JuIy 29, 1958, aUb dn@of Nationril Advisory Cemmitteefor Aemnatiiwfm~were tr@emedti a
Amnautim and~aceA ~mtiona cwmtsatt hedoseo fbtimhptem&r3O, 1958.

I FLwelYmrlW

94

Salaries and Expenses appropriation ---------- $5,000,000

Researoh and Development appropriation ----- 1167,000,000

Conatruotion and Equipment appropriation---- 26,000,000

IIndndeafnndain the
Defema

amountof $117mUlfonbaILMerraifremthe Departmentof



Part lV-FLNAL MEETING OF hJACA

The final meeting of the National Advisory Com-
mittee for Aeronautics was held at 2 p.m., August 21,
1958, at its headquarters, 1512 H Street NW., Wash-
ington, D.C. Present at this meeting were:

James H. Doolittlq SC. D- Vice Praiden~ Shell Oil Co., Ohair-
ruan.

Leonard Clar-michae~ Ph. D., Secretary, Smithsonian Institu-
ttO~ vice Clhnirnmn.

AUen V. Astin, Ph. D., Director, National Bureau of Standarch
Preston It. Bnsse~ S&D. retired.
17rederlch C. Crawfor~ SC D., Ohairman of the BoarQ Thomp

son Products Oo., Inc.
Paul D. Foot% Ph. D., Assistant Secretary of Defensq Re-

search and Engineering.
Wellington T. Hin@ Rear Admtral, USN, Assistant Chief for

Procuremen~ Bureau of Aeronautics, Navy.
Oharles J. McOarthY, B. S., Chairman of the Boar% Chance

Vought Aircraft/ Inc.
James T. Pyle A.Bv Administrator of Civil Aeronautics.
Francis W. Reichelderfer, SC D., Chief, U.S. Weather BurefLu.
Louie S. Rothschtl& Ph. B., Underswretary of Commerce for

Transportation.
Thomas D. White General, U.S. Atr R’orcq Chief of StaIT.

And on invitation:

Vice Adm. Robert B. Piri~ USN, acting member.
Maj. Cien. Marvin C. Demler, USAP, representing LL Gem

Roscoe 0. WilsoU acting member.

And :

Hugh L. Dryden, Director.
Jolm F. Victory, Executive Secrehry.
John W. Urowley, Jr., Aseactate Director for Remarch.

Also present on invitation of Chairman Doolittle
was Dr. T. lIeith Glennw newly appointed Admin-
istrator of the National Aeronautics and Space Ad-
ministration (NASA). The Chairman announced that
Dr. Glerumn and Dr. Hugh Dryden, Director of
NACA, had bem confirmed by the Senate and had
taken their respective oaths of office as Administrator
and Deputy Administrator of NASA at the White
House in the presence of President Eisenhower on
August 19.

The Chairman welcomed Dr. Glennan and expressed
the best wishes of the NACA for complete success in
his new duties.

Dr. Glennrm said he rwgnized in some degree the
kind of task he was undertaking, and that he thought
it quite wonderful to have the NACA staff and or-
ganization m a base on which to bui.hi He then ex-
hibited and explained a draft chart of proposed
organization based on plans developed by the NACA
Headquarters staff, with some modifications. Espe-
cially important, he sai~ would be an Office of Pro-

gram Planning and Evaluation, reporting to the
Admmstra

. .
tor and the Deputy Adminktrator, and

cooperating with the National Aeronautics and Space
Council in the development of national programs of
aeronautical and space activities. Dr. Glennan said
he would welcome the advice of members of NACA at
any time.

Chairman Doolittle extended to Dr. Glennan the
thanks, congratulations, and best wishes of the members
of NACA. Dr. Glennan expresed his appreciation of
the privilege of .appear~~ before the Committee, an%
with the applause of the members, withdrew.

NATIONAL AERONAUTTk AND SPAOE AH OF 1968

The Chairmtm reported that the IYational ~ero-
nautics and Space Act of 1958 (Public Law 85-568),

approved by the President July 29, 1958, established

the National Aeronautics and Space A~ tion,

headed by an Ailm@ztrator appointed from civilian
life by the President by and tith tie advice and con-
sent of the Senate, tith a Depu@ Administrator ap-
pointed in the same manner.

The functions of the Administration provided by
the act are-

1. To plan, direct, and conduct aeronautical and

space activiti~, except activitim peculiar to or
primarily associated tith the development of
weapons systems, military operations, or the de-

fense of the United Statesj which fl be the
respotibility of the Department of Defenm

2. To arrange for participation by the sc.ienfic
community in plannihg scientih meamremeni%
and observations to be made thro~uh use of aero-
nautical and space vehicles, and conduct or arran.gw
for the. conduct of such measurements and
observations.

3. To provide for the widest practicable and ap-
propriate dissemination of information concerning
its activities and the resultsthereof.

In Section 301 of the act, it is provided:

The NationalAdvisoryCommitteefor Aeronautics,on the
effectivedateof thissectioushallceaseto exist Onsuchdate
all functio~ powew dutiex,and obligations,andall real and
PersonalProPertY,personnel(otier thanmembersof tie Com-
mittee), fun@ and records of that organizatio~shall be
tramferredto theAdminis~ation.

This sectionshall take effect00 daysafter the date of the
enactmentof this act, or on any earlierdate on which tie
Administratorshall determia%and announceby proclamation
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Find meding of National Advfsory Cmnmittea for Amcmautfc+ August 21, 1968. Around file aloakwine: Hon. Jama’ T. Pyle, A dmldsmator of W Aeronautics
Dr. Hugh L. Drydm, Mm, NACA; Mr. Prmtcm R. l!=a~t~ Hon. Loti S. Rothmht@ Undac%aretaryof Cmnmmwa for ‘lhnsportatioq Dr. J_ecInani Ckumdohad,

Sem-et=y, Smitbonhn Indtution; Dr. James H. Damlittl% Chdrm~ NACA; Dr. John F. Vfatory, Rxemtiva Semetary, NAC4+ Dr. Francis W. R&heldcmfer,

Chief, U.S. Wcathar Bureaw Dr. Fmde&k (2 Cmwfmrd, Chahman of the 130anl, Thmnpson Preduo@ In&~ Ma.f. Gem Marvin C. Dam&r, USAF (nttcmlcd in plnee
of Lt. Gem R-e C. Wflmn, USAF, Deputy Chid of StatT, Dmelopment)} General l%omus D. Whitej USAF, Chief of Staff, U.S. Air Form; Hon. Paul D. Fret%
hslstant .!icm-e~ mfDafensa (Tkacarch and Ihginuming)} Vke A&&al Robert B. Pkfq USN, Deputy Q&f of Naval ktiom (Air); Raw Admiral WeLUngton

T. Hinesj USN, Deputy and haistnnt Qdef, Bureau mf Aex.mnutiu; BIr. ClmrLsa J. McCEU&y, Cldrman of the Boa@ Clumm Vonght Aimr@ km; and J. W.

CmWlay, Assmiate Dfreator for Rmearcb NACA.

I
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published in the Federal Register, that the Admin&tration has
beeri organized and is prepared to discharge the dntics and
exercise the powers conferred upon it by this acL

(III accordance with the proclamation issued in accord=m
with the foregoing atiority, the Natlonti Aeronautics and
Space Administration became the legal su~sm to the National
Advisory Uommittee for AeronauffciL effective as at the close
of bnsiness September 30, 195S.)

Further provisions of the act include

A declaration that it is the policy of the United
States that activiti= in space should be devoted to
peaceful purposes for the bcmefitof all mankind.

The establishment of a nim+member National
Aeronautics and Space Council, to include the
Plvsident, the Secretary of State, the Secretary of
Defense, the Administrator of NAS& the Chair-
man of the Atomic Energy Co&ion, one addi-
tional member to be appointed by the President
from Federal Agencies, and three other members
to be appointed by the President from among indi-
viduals in private life who me eminent in scienc~
engineering, technology, education, administration,
or public affairs; the functions of the Council being
to advise the President regarding policies, plans,
programs, and accomplishments of United States
agencies engaged in aeronautical and space activi-
ties, and the development of a comprehensive
program.

Nom.-The President on September 4 appointed
m membem of the Council: James E Doolittl~
Detlev W. Bronlg W. A.M. Burden, and AIan T.
Wat8rmem.

Provision for a Civilian-Military Liaison Com-
mittee, headed by a chairman to be appointed by
the Presiden~ and including representatives of
the Departmaut of Defense and the Departments
of the Army, Navy, and Air Force, and of the
NASA.

STA~NT BYmm P~ENT, JULY29,1958

I have today signedllB. 12575,the Nation~ Aeromnffcs
andSpaceActof 195s.

The enactmentof this legislationis a historicstep,farther
equippingthe UnitedStatesfor leadershipin the spaceage,
I wishto commendthe@ngressfor thepromptnesswithwhich
It has createdthe orgar&affonand providedthe authorib
neededfor aneffectivexiatioml@ort in thefieldsof aeronautics
andspaceexploration.

The new act containsone Provisionthatrewires comment
Section205 authorize cooperationwith other nations and
groupsof nationsin workdonepursuantto theact andin the
pencefulapplicationof the resnltaof suchworlqmwsuantto
intmnattonalagreement enteredinto by the Presidentwith
the adviceand consentof the Senate. I regard this section
merelyas recognizingthatintmnatlonaltreatiesmaybe made
~ this field,and as not precluding,in appropriatecases,less
formalarrangementsfor cooperatlomTo constrnethe section
otherwisewouldraise substahtkdconstitutionalquestions.

The present National Advisory Committee for Aeronantlm
(NAUA), with itE large and competent staff and well-equipped
laboratori~ will provide the nucleus for the NASA. The
NAOA has an established record of rtxeaxch performance and
of cooperation with the armed servhxa. The combination of
space qlomtion responsibilities with the NAOA’S h-kditional
aeronautical research functions fs a natural evolution.

The enactment of the law establishing the NAUA in 1915
Proved a decisive step in the advancement of our civil and
military aviation. The Aeronautics and Space Act of 19SS
should have an even greater impact on our fnture.

After the Committee disposed of all business before
it, including approval of it9 fired statementto the Con-
gress of the United State-s,submitting its 44th annual
report, the following statementswere made:

Undersecretary of Commerce Rothschild said
that his 4 years of service as a member of the
NACA had bean a wonderful and dh.minating ex-
perience and that it had been a great pleasure to
serve with men of the caliber of NACA.

Gen. Thomas D. whit% Chief of Staff, USAF,
said that he would write a letter to the Chairman
thanking the NACA for its suppo~ cooperation,
and amistan~ virtwdly since the beginning of
military aviation.

Vice A&n. Robert B. Pirie, DCNO (Air), es-
pressed the same sentimentsregading the services
rendered by the NACA to the Navy throughout
the past 43 years.

Dr. Leonard Carmichw+ Secretary, Smithsonian
lnstitutio~ said that he was proud of the fact
that the Smit&oniau Institution, through its for-
mer Seoretary, Dr. CIharlesD. Walcott, had been
instmnnentd in the establishment of NACA and
that all Secretaries of the Smithsonian since that
time have served as membem of NACA,

Nam-Dr. lvalcott was the i%therof NAO&the &at
Uhairmanof ita ExecutiveOommi~ 1915-19,andfrom
1919untilhis deathin 1927,chairmanof tie maincom-
mittee.

Dr. Doolittle said it had been a great pleasure
for him to serve with the other membem for the
past 10 years and thanked them for their coopera-
tion and assistance during his chairmanship.

Dr. Victory said that the nameplate now on the
back of each member’s chair would be removed,
suitably mounted, and tramum“tted to each member -
as a souvti of his service with NACA.

At the conclusion of the brief meeting of the Commiti
tee held at the Ames Aeronautical L@oratory, Moffett
Field, Calif., in connection with the triennial inspection
of that Laboratory, July l% 1958, the Executive SW
retary, Dr. Victory, made a statement on behalf of the
NACA staff, expressing appreciation of the leadership
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of the members of NACA throughout its history. He
was instructed to record that statement. It follows:

Thismaybe the lastmeetingof theNationalAdvisoryCom-
mitteefor Aeronauticswhichwas establishedby law in 1915
to superviseand directthe scientidcstudyof theproblemsof
flightwitha view to theirpracticalsolution..Thegreatrecord
of outstandingcontributionsto the progressof aeronautics
made by the Committ~ the memberscan alwaysremember
vrlthprideandsatisfaction

On behalfof the entireM of the organizationnumbering
about 7,S00,I wish to expressto the membersof the Com-
mitteeour profoundsenseof gratitudefor the privilegeand
the honorthat has been ours in workingunderthe inspiring
leadershipof the membersof the Gommitteeand thetrfflua-
triouschairmenthroughoutthe Ltfeof the Committee.From
theLrMe exampleandpatrioticdevotionto thecauseof Amer-

ican supremacy in the air, from their Ybion and fmccws in

providing novel research facllitiea and ideal working condition%
we have drawn the inspiration an”d determination to do our
best for the ubnost advancement of aeronautical science in
America.

We share the pride that is justly yours ‘in the accomplish-
ments of the era that is closing, and whatever the future mny
hol~ it will ever be our high resolve to continue to qmder to
our counhy loyal and devoted service:’

Following me the letters to the Chairman, NACA,
which General White, Admiral Pirie, and Secretaq

Rothschild offered to prepare on behalf of the Air
Force, Navy, and Department of Ckxnrnerce.

.
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DEPARTMENT OF THE AIR FORCE
OFFICEOFTHECHIEFOF%AFF .

UNITEOSTATESAIR FORCE
W~HINGTON. D. C.

25 August 1958

Dr. James H. Doolittle
Chairman
National Advisory Cat*e

for Aeronautics
1s12 H Street, Northwest
Washington 25, D. C.

Dear Dr. Doolittle:

It was with mixed feelings
the National Advisory Coromittee

that I atterded
for Aeronautics

the last meetin~ of
on 21 August 19S8.

Therewasregret at the passing of an a~ency that for 43Yebs
has set i% worldis standa~ ‘h aer&autical-res&ch. The U~ted
States as a nation, and the J!& Force in particular, are deeply
indebted to the NiU2A. In war and mace NACA has led the way; and
there has always been, for us in the Air Force, the knowledge that
NACA was ready to help h any aerodynamic trouble.

I hoy that the new Mtional Aeronautics and Space Agency, which
will encompass many of the people of the old NACA, will go forward
with tie same cqtince and spirit of coopefition to reach new
levels of accomplishment in the enlarged field.

1
IA me, on behalf of tbs Air Force, express sincerest thanks

for all. that the NKIAhas done for us over the years, and ask that
you transmit my thanks to all the people of liMX who have served so
long and so well.

Sincerely,

THO}lAS D. WI17113
Chief of Staff
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General Thomas D. White. USAF.
Chief of Staff
Department of the Air Force
Washington 25, D. C.

Dear General White:

Your letter of August 26 is deeply appreciated by me personally.
I am taking the liberty of bringing it to the attention of the nearly 8,000
employes of the National Advisory Committee for Aeronautics.

% The great skill with which these devoted people have performed
their researches over the years has been the prime reason for the con-
tributions made by the NACA as a partner, together with the Military
Services and the industry, on the air power team.

I know I can assure you, on behalf of these dedicated workers,
that they will continue to merit the confidence, and the support, of the
American people as they take up new and tremendously important work
as the nucleus of the Nation~ Aeronautics and Space Administra~on.

/
Sincerely,

I / /$

/
/

//?
.+.

~ J.cil?o&le
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THE ASSISTANT SIXRmARY OF THE NAW FOR AIR

WASHINGTON

\

IV HP 1958

Dear Jimmy:

UDon the occasion of the disestablishment of the.National,.
Advisory Committee for Aeronautics, I would like to express
the sincere appreciation of the United States ’Navy for the

many achievements made by the NACA in the advancement of

American aviation. Thfough the years, from the birth of

the National Advisory Committee for Aeronautics by Congres-
sional Act in 1915, when aircraft speeds of 100 knots were

the marvel of the day, research by the NACA has been re-
sponsible for world leadership in aviation by the United
States. During World War II, when American aviation manu-
facturing reached fantastic proportions, the superiority of
design of American aircraft was in no small measure a com-
pliment to the vision-of the laboratories of the NACA in
probing the unknown.

The well known fighters of the Navy, the Corsair, the
Wildcat, and the Hellcat, which maintained control of the
air in the Pacific and did so much to make the eventual
naval victories possible, were all products of the appli-
c~tion of research done by the NACA. Development in NACA
laboratories of high lift devices, low drag wings, high
speed propellers, improved engine co’olingsystems, and im-
proved aircraft structural’systems allowed the Navyts.
carrier task forces to strike the enemy where and when we
chose.

KoTea found the Navy.operating jet aircraft from
carriers in combat for the first time, and the distinct
success of these operations was in.no small measure proof
of the validity of basic research conducted by the NACA.

Today, as speeds of manned aircraft near the hyper-
sonic range, and with missile v~locities transiting the
hypersonic areas; the Free World owes a debt of gratitude
to the comprehensive fundamental research in the problems
of flight conducted by the NACA, The wealth of knowledge
acquired by the NACA in.its thirty-three years iS a broad
foundation upon which the Nation can build as the Jet Age
gives way to the Age of Space.

..
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Again, Jimmy, I would like to express the sincere
appreciation of the Navy for the outstanding contributions
to naval aviation made by the National Advisory Committee
for Aeronautics. The National Aeronautics and Space Admin-
istration has a rich heritage indeed, and we of the Navy
rejoice in the good news of your appointment as a member
of the Board.

Sincerely,

GARRISONNORTON

James H. Doolittle, SC.D.,
Chairman
National Advisory Committee for Aeronautics
1512 H Street NW
Washington 25, D.C.

4
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THE SEC~ARY OF COMMERCE
WASHINGTON 2S

September 1 519SS

Dear GeneralBoolittle:

On behalfof theDepartmentof Commerceanditsrepresenta-
tiveswho serve as members of the National Advisory Cormnittee for
Aeronautics,it is a pleasureto expressappreciationforthe
outstandingachievementsof theNACAduringits43 yearsof
aCtivity.Americanleadershipin aeronauticsis due in no small
measureto the researchcarriedforwardin NAGAlaboratoriesand
to developmentsfosteredby theCommitteeovertheyearsin co-
operationwithindustryandgovernmentagenciesconcernedwith
aviation.Manystudiesanddiscoveries that have led to revolu-
tionary advancements in aeronautics have come directly from the
laboratories of the organization. Forthcoming e~ansion of
operations to explore outer space and develop the possibilities of
interplanetary vehicles will bring an important transition which
the United States will accomplish by building on experience and
knowledge to which the NACAhas contributed very materially.

From the beginning of the NACAin 1915, the Department of
Conmnerce has always had one or more representatives in the member-
ship of the Committee. The Director of the National Bureau of
Standards was ex officio one of the original members. After
passage of the Air Commerce Act of 1926 the Assistant Secretary of
Commerce for Air also was a member, succeeded later on the Committee
by the Administrator of Civil Aeronautics. In1940 when the Weather
Bureau was transferred to the Department of Coaxnerce, the Chief of
that Bureau, whose office had been among the original ex officio
❑embers, became another from this Department to serve on the
Committee. In recent years the Under Secretary of Commerce for ‘
Transportation, Nr. Louis S. Rothschild, has made a fourth member.
from the Department of Commerce. \

I express the feelings of these representatives as well as my
own when I say that it has been a real privilege to have had an
active part in the work of the Committee. It is indeed gratifying .
to see how successfully this unique group has functioned as an
advisory and executive body. Although the organization and its
advisory group will change with inauguration of the National
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and Space Agency, the interest of the Department
future rmomess in these highly important fields

of ‘
will

continue undiminish~d.-and I look forwa~d ~o” c~ntinued cootxxation
and participation by ~he Department and its representative; in the
advancement of aeronautics and space exploration..

Sincerely,

ti

Secretary

7PY
of Commerce

General James H. Doolittle
Chairman, National Advisory \

Conxnittee for Aeronautics
1512 H Street, N.U.
Washington 25, D.C.

.



Publlc Law 85+69
S5th Oongres% H.R. 12675

July 29, 1956

AN AC?l To provide for rwsareh into problems of flight within and outside the
earth’s atroosphq and for other DurzIo-

Be it twaoted bg the .&mate and House oj Represtwtatives of the V&ted
Rtates of Atnet+oa in 00ngress assembled,

National
TITLEI I-SHORT TITLD, DECLARATION OF POLICY AND Aeronautkw

and S ace
IMIFINITIONS ?Act O 1968

SHOET TITLE

Sm. 101. This Act may be cited as the “National Aeronautics and Space
Act of 1656”.

DEOLAWLTION OF POLIOY .MJD PUSPOSE

Sm. 102. (a) The Ckmgress hereby declares that it is the policy of the
United States that activities in space shonld be devoted to peacefnl purposes
for the beneM. of all manidnd.

(b) The Oongresa declar~ that the general welfare and security of the
United States require that adequate provision be made for aeronautical and
space activities. The Congress further declares that such activities shall
be the responsibility of, and shall be directed by, a civilian agency exer-
cising control over aeronautical and space activities sponsored by the
United Stat@, except that activities peculiar to or primarily associated
with the development of weapons systems, military operatio~ or the
defense of the United States (including the research and developmwrt
necessary to make eff+e provision for -the defense of the United States)
shall be the responsibliity of, and shsli be dlrecbd by, the Department of
Defense; and that determination as to which such agency has responsibility
for and direction of any such activi~ shall be made by the President in
conformity with section 201 (e). 72 Stak 426.

(c) The aeronautical and space activitk of the United States shall be 72.stiti 427.
conducted so as to contribute materially to one or more of the following
objectives :

(1) The expansion of human knowledge of phenomena in the atmos-
phere and space;

(2) The improvement of the usefulness, performance, apeed, safe~,
and eftlciency of aeronautical and space vehicles;

(3) The development and operation of vehicles capable of carrying
instruments, eqnipmen~ supplies, and living organisms t&rough space;

(4) The e9tablb3hment of long-range studies of the potential beneilta
to be gained from, the opportunities for, and the pibblems involved in
the utilization of aeronatrtical and space activities for peaceful and
scientific purposes ;

(5) The preservation of the role of the United States as a leader
in aeronautical and space science and technology and in the applica-
tion thereof to the conduct of pemeful activities within and outside
the atmosphere;

(6) The making available to agencies directly concerned with na-
tional defense of discoveries that have military value or signillcanc~
and the furnishing by sucl ageneies, to the civilian agency established
to direct and control nonmilitary aeronautical and space activitks, of
information as to dfscoveriea which have ~alue or significance to that
agency ;

(7) Cooperation by the United States with other nations and groups
of nations in work done pursuant to this Act and in the peaceful appii-
caffon of the reanlta thereof; and

(8) The moat effective utilization of the scien~c and engin~g
resonrcea of the Untted States, with close cooperation among all inte~
ested agencies of the United Statea in order to avoid unnecesaaxy
duplication of eft’o~ faciiiti~ and equipmenL

(d) It is the purpose of this Act to carry out and effectuate the polides
declared Insubsectiona (a), (b), and (c).

105
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SEC.103. As used in this Act-
(1) the term “aeronautical and space activities” means (A) re-

search into, and the solution of, problems of flight within and outside
the earth’s abnospher% (B) the development conatrnctioni testig, ~d
operation for research purposes of aeronautical and space vehicleE, and
(C) such other activities as may be required for the exploration of
space; and

(2) the term “aeronautical and space vehiclr#’ means aircraft, mis-
siles, satellites, and other’ space vehicles, manned and unmanned, to-
gether with related e@pmenG devices, components, and park

TITLE 11-OOORDJNATION OF AERONAUTICAL AND SPACE
ACTIVITIES

NA~oNMA =ONAUTICS AND SPACE COIJN~

Alteraate

Establlshrim SEO.201. (a) There is hereby established the National Aeronautics and
Space Oomcil (hereinafter called the “Council”) which shall be composed
of—

(1) the Prwident (who shall preside over the meetimgx of the
Ooundl) ;

(2) the Secretary of State;
(8) the Secretary of Defense; .

(4) the Adminis& ator of the A’ational Aeronautics and Space
Adrainiahation;

(5) the Chairman of the Atomic Elnersg Comrnbmion; ~
(6) not more than one additional member appointed by the President

from the department and agencies of the Federal C?overnment; and
(7) not more than three other members appointed by the President,

solely on the basis of established records of distinguished achievemen~
from among individuals in prkrate life who are eminent in science,
ew@eer@, technology, education, admlnktraffon, or public affairs.

(b), Each me&ber of the Council from a department or agency of the
Federal Government may designate another officer of his department or
agency to serve on the Council as his alternate in hls unavoidable absence.

Dntk of
Prcaident

(c) Each member of the Council appointed or @@nated under para-
graphs (6) and (7) of subsection (a), ,md &mh alternate member dealg-
nated under subsection (b), shall be appointed or designated to serve as
such by and with the advice and consent of the Senate, unless at the time
of such appointment or designation he holds an office in the Federal Gov-
ernment to which he was appointed by and with the advice and consent of
me Senate

(d) It shall be the function of the Council to advise the President with
r-t to me Performance of the duties prescribed in subsection (e) of
this section.

(e) In conformity with the provisions of section 102 of this Ac~ it shall
be the du@ of the President to-

(1) ~ey all signiilcant aeronautical and space activities, including
the polid=, plans, pro~ and accompliahmenta of all agendes of
the United Statea engaged in such activitiw;

(2) develop a comprehenshie program of aeronautical and space
activities to be conducted by agendee of the United, States;

(3) designate and IIX responsibili@ for the direction of major aero-
nautical and space activities;

(4) provide for effective cooperation between the National Aero-
nautic and Space Administration and the Department of Defense In
all such activiti~ and apedfy which of such activitlea may be carried
on concurrently by both such agencies notwithstanding the assignment
of prhnary responsibility therefor to one or the other of such agencies;
and

(5) resolve differences arising among departienta and agencies of
the United Statea with respect to’ aeronautical and space activities
Waler this Ac~ including differences as to whether a particular project
is an aeronautical and apace activib.

EmplO~ (f) The Ckmncil may employ a staff to be headed by a dvilian esecntive
Compensation. secretary who shall be appointed by the Prestdent by and with the advice

and consent of the Senate and shall receive compensation at the rate of
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$20,000 a year. The executive secretary, subject to the direction of the
Counc4 is authorized to appoint and h the compensation of such personnq
lnciuding not more than three persons who may be appointed without re-
gard to the civil service laws or the Cladtlcation Act of 1949 and com-
pensated at the rate of not more than $19,000 a year, as may be necessary
to perform such duties as may be prescribed by the Council in connection
with the performance of its functions. Each appointment under this snb-
sectlon shall be subject to the same security requirements as those estab-
lished for personnel of the National Aeronautics and Space Administration
appointed under section 203 (b) (2) of this Act.

(g) Members of the Council appointed from private life under subswtion
(a) (7) may be compensated at a rate not to exceed $100 per diem, and may
be paid travel expenses and per diem in lieu of subsistence in accordance
with the provisions of section 5 of the Administrative KlrpenseEAct of 19413
(ii U.S.C. 73b-2) relating to persons serving without compensation.

~ATIONm AESONAUTIOSAXD SPAUS ADMIIUS’I’RAT’ION

SEO. 202. (a) There is hereby established the National Aeronautics and
Space Adwtration (hereinafter called the “MminWrat.ion”). The
Administration shall be headed by an Mministxator, who shall be appointed
from civilian life by the President by and with the advice and consent of
the Senab+ and shall receive coiupensation at the rate of $22,500 per annum.
Under the supervision and dinwtion of the President the Administrator shaii
be responsible for the exercise of all powers and the discharge of all duties
of the Administration, and shall have authority and control over all
personnel and activities thereof.

(b) There shall be in the AdminMra tion a Deputy Administrator, who
shall be appointed from civilian life by the President by and with the
advice and consent of the Sena@ shall receive compensation at the rate
of $21,500 per annum, and shall perform such duties and exercise such
powers as the Administrator may prescribe. The Deputy Administrator
shall act for, and exercise the powers o~ the Ad+rdnistrator during his
absence or disability.

(c) The Administrator and the Deputy Administrator shall not engage
in any other business, vocatio~ or employment while serving as such.

FUNUPIONSOFTHSAD~S~TION

SECI.203. (a) The Administration, in order to carry out the purpose of this
Ac~ shall—

(1) plaIL direc~ and conduct aeronautical and spaca activities;
(2) arrange for participation by the scientific community in planning

scientific measurements and observations to be made through use of
aeronautical and space vehicles, and conduct or arrange for the con-
duct of such memmrements and observations; and

(3) provide for the widest practicable and appropriate dissemination
of information concerrdng ita activities and the results thereof.

(b) In the performance of its functions the Adminktration is authorised—
(1) to make promulgate issuq resdn@ and amend rtdeE and regu-

lations governing the manner of its operations and the exercise of the
Powers VeSkd in it by law ;

(2) to appoint and lix the compensation of such oilicers and employees
as may be necessary to carry out such functions. Such odicers and
employees shall be appointed in accordance with the civil-service laws
and thdr compensation fixed in accordance with-the Olasslfkation Act
of 1949, mpt that (A) to the -t the Administrator deems such
action necessary to the discharge of his responsibility% he may appoint
and ilx the compensation (up to a limit of $19,000 a year, or up to a
limit of $21@Xl a year for a maxlnmm of ten positions) of not more
than two hundred and sixty of the sdentiflq engineerin& and admin-
istrative personnel of the Admirktration without regard to such laws,
and (B) to the extent the Adminiatmttor deems such action necessary
to recruit specially qualifled sdentiiic and engineering talen~ he may
establish the entrance grade for sdentiilc and engineering personnel
without previons service in the Federal Government at a level up to
two grades higher than the grade provided for such personnel under
the General Schedule established by the Classidcation Act of 1949, and
ds their compensation accordingly;

es stat 964.
5 Usc 1071
no.ta

Secnriw
check.

Par diem
7’2 stat 42s.
-72stat. 429.

69 StsL 394.

Admmntor.

%&7dor.

Ikstriction

RuM ma
rcgnhtlons.

63 Stnt. 954
5 USC 1071 nok

72 stat. 429.

72 StaL 430.
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63 Stm 87’7.

Qlft%

Conhnc@ etc.
60 Sti& 809.

AWIKY
cooperation.

72 stat 430.
72 Stat 48L
60 stat. S1O.

Employment
Awn&

#l#on of (3) to acqrdre (by Purchas% lem% condemnation, or otherwise), con-.
strn~ impror% repatr, opera~ and matntain laboratories%research and
testing sites and facilfti~ aeronautical and space vehicl% quarters and
related accommodations for employees and dependents of employees
of the Admidsbatto~ and sack other real and personal propar@ (in-
cluding patents), or any interest tiere@ as the A~atlon deems
necmsary within and outside the continental United States; to lease
to others sack real and personal property; to sell and otherwise dispose
of real and Personal properb (tncluding patenta and rishtE thereunder)
fn accordance with the provisions of the E’ederal Property and Admin-
isbative Services Act of 1949, as amendad (40 U.S.Cl.471 et seq. ) ; and
to provide by contract or otherwise for cafeterias and other necessary
fadlitiea for the welfare of emploYeeE of tie A dminisbatlon at its in-
sulations and pnrclmse and maintatn equipment therefor;

(4) to accept unconditional gtfts or donations of services, money,
or property, r@ personal, or mdxeG tan@ble or titi@ble;

(5) without regard to section 304S of the Revised Statnte6, as
amended (31 U.S.Cl. 529), to enter into and perform such Contiacm
leases, cooperative agreemen@ or other transactions as may be neces-
sary in the conduct of its work and on snch terms as it may deem ap
propriab% with any agency or instrnmentaliG’ of the Untted State% or
with anY Stat: Terrttory, or poss@aion, or with any political subdivision
thereoc or with any personj tlrm, associatio~ corp.mation, or educatioMl
instigation. To the maximum extent practicable and consistent with
the accompllahment of the pnrpose of this Act sack contracts, leasa
agreemena and other transactions shall be allocated by the Adminis-
trator in a manner which will enable srnall-bnshwsa concerns to partid-
pate equitably and proportionately in the conduct of the work of the
Adminkhation;

(6) to use, with their consenb the servic~ eqnipmen~ personnel,
and facilities of l?ederd and other agendes wifi or tithont rc~-

bnrsemen~ and on a shnilar basis to cooperate with other public.
and private agencks and instrumentalities in “the use of services,
eqnipmen~ and fadlitk. Ilaeh deparbnent and agency of the Fed-
eral Government shall cooperate fally with the A~ ation in
making its services, eqnipmen~ personnel, and facilities arailable to
the Adrninfatration, and any sack department or agency is authorized
notwithstanding any other provision of law, to transfer to or receive
from the Addnistr atio~ without rdmbnrsemen$ aeronautical and
space vehicles, and snpplies and eqnipment other than administrative
snpplies or equipment;

Advisory
Connnitb?e.

(7) to appoint sack advisory committees as may be appropriate for
purposes of consultation and advice to the Administration in the per-
formance of its fanctions;

Coordlnatlon. (8) to establish within the Adminishation such oftlces and pro-
cedures as may be appropriate to provide for the greatest possible
coordination of its acttvitiex under this Act with related sdentic and
other activities bdng carried on by other public and private agencies
and Org-tiOl10 ;

(9) to obtain services as authorized by section 15 of the Act of
August ~ 1946 (5 U.S.O. 56a), at rata not to exceed $100 per diem
for individuals;

(10) when determined by the Administrator to be necemary, and
snbject to sack secnrily investigntiona as he may determine to be ap-
propriate to employ aliens without regard to-statntnry provisions pre

Retired oSkers.

htbiting -ent of compensation to aliens;
(n) to employ retired commissioned odikers of the armed forces

of the United States and compensate them at the rate established for
the positions occupied by them within the Admtniatiatlon, snbject only
to the limitations in pay set fofi in seetion ’212 of the Act of June 80,
1932 as amended (5 U.S.U. 59a) ;

(12) with the approval of the Presidenb to enter into cooperative
agreements under which members of the Army, Navy, Air Force, and
Marine Oorps maybe detied by the appropriate Secretary for services
in the performance of fanctiona under this Act to the same extent
as that to which they might be lawfnlly as@n@ in the Department
of Defense; and
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(13) (A) to consider, ascert@ adjus~ determlnej settlej and pay, mhun.
on behalf of the United Sta@ in full satisfaction thereo~ any claim for
$5,000 or less against the United States for bodily injury, dea~ or dam-
age to or loss of real or personal property rtitiug from the conduct
of the Administration’s functions as specided in subsection (a) of this
sectio~ where such claim is presented to the Administration in writing
within two years after the acddent or incident out of which the claim
arises;and

(B) if the Adminbkr ation considers that a claim in excess of $5,000 ~~~ti
is meritorious and would otherwise be covered by this paragraph to
report the facts and circumstances thereof to the Congress for its
consideration.

~-MJI.TTABY LIAISON COMMITIEE

SEO. 204. (a) There shall be a Oivilian-Military fialson Committee con-
sisting of—

(1) a Chairman, who shall be the head thereof and who shall be a~ “
pointed by the Pr@dent, shall serve at the pleasure of the President
and shall receive compensation (in the manner provided in subsection
(d) ) at the rate of $20,000 per annum;

(2) one or more representatives from the Department of Defensq
and one or more representatives from each of the Deparbnents of the
Army, Navy, and Air Force, to be assigned by the Secretary of Defense .
to serve on the Committee without additional compensation; and

(3) representatives from the Administration, to be assigned by the
Administrator to serve on the Committee without additional compen-
sation, equal in number to the number of representatives assigned to
serve on the Committee under paragraph (2).

(b) The Administration and the Department of Defense, through the
Liaison Committe~ shall advise and consult with each other on all matters
within their respective jurisdictions relating to aeronautical and space
activities and shall keep each otier fully and currently informed with
respect to such activities.

(c) If the Secretary of Defense concludes that any reques~ actiow pro
posed actio% or failure to act on the part of the Administrator fs adverse
to the responsibilities of the Department of Def~ or the Administrator
concludtw that any requw~ action, proposed actioq or failure to act on the
part of the Department of Defense is adverse to the responsibilities of the
Administratio~ and the Administrator and the Secretary of Defense are
unable to reach au agreement with respect thereto, either the Administrator 72 SM, 43L
or the Secretary of Defense may refer the matter to the President for hfs 72 ‘b~ 432
decision (which shall be llnal) as provided in section 201(e).

(d) Notwithstanding the provisions of any other law, any active or re- ~aII.
tired officer of the Army, Navy, or Air Force may serve as Ohairman of the
Liaison Committee without prejudice to his active or retired status as such
officer. The compensation recdved by anY such oilicer for his service as
Clbairman of the Liaison Committee shall be equal to the amount (if anY)
by which the compensation ilxed by subsection (a) (1) for such Uhairman
exceeds his pay and allowances (including special and incenti~e pays) as
an active oilicer, or his retired pay.

INTEENATIONM cOO~~ON

SEO.205. The Adminbtr atlon, under the foreign policy guidance of the
Presiden~ may engage in a program of international cooperation in work
done pursuant to this Act and in the peaceful application of the results
thereo~ pursuant to agreemeni% made by tie Preddent with tie advice and
consent of the Senate.

REPOETSTO THD00~GsE8S

Sm. 206. (a) The Administration shall submit to tie President for trans-
mittal to the Oongreesj semiannually and at such other times as it deems
desirabl~ a report of its activiti~ and accomplishments.

(b) The President shall tmmsmit to the Congress in January of each
year a repor~ which shall include (1) a comprehensive description of the
programed activities and the accomplishments of all agencies of the United
Statea b the field of a~onautics and space activities during tie preceding
calendar year, and (2) an evaluation of such activities and acomplishmenta
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in termsof the attainment of or the failure to attain, the objectives de-

scribed in section 102(c) of this Act.
(c) Any report ma e under this section shall contain such reeommenda-

{tions for additional egislation as the AdminMra tor or the President may
consider necesmry or desirable for the attainment of the objective de-
scribed in SeCtiOIllo2(c) of this Act

(d) A“o information which has been classided for reasons of national
securim shall be included in any report made under this section, unless
snch information has been declassified by, or pursuant to authorization given
by, the Presidenk —

TITLE 111-MSCliZLANEOUS

KATIOISAL ADVISORY COMMJTEE FOB AESONAUTIOS

Tennlnatlou
Transfer of
functlona

Deanltbn&
70A stat 127.

63 Stnt. 9S6.

13Uective data

Publication In F.Ft.

SEa 30L (a) The National Advisory Committee for Aeronautics, on tie
effective date of this section, shall cease to exist On sneh date all fnnctions,
pcnve~ dntiea, and obligations, and all real and personal property, personnel
(other than members of the Committee), funds, and records of that organbm-
tio~ shall be transferred to, the Admhdstratiom

(b) Section 2302 of title 10 of the United States Code is amended by
striking out “or the Executive Secretary of the National Advisory Commit-
tee for Aeronautics.” and inserting in lieu thereof “or the Administrator of
the National Aeronautics md Space Adminktration.”; and section 2303 of
such title 10 is amended by striking out “The h’ational Advisory Oommittee
for Aeronauti~” and inserting in lien fiereof ‘The h’ational Aeronautics
and Space Admin&bltiom”

(c) The first seetion of the Act of August 26, 1956 (5 U.S.Cl. 22-1), is
amended by striking out “the Director, hTational Advisory Committee for
Aeronautics” and ins@ing h lieu thereof ‘tie Administrator of the Na-
tional Aeronautics and Space Admixdsbation”, and by striking out “or
A’atiomd Advisory Canrn.ittee for Aeronautics” and inserting in lien there
of “or ATational Aeronautics and Space Administration”.

(d) The Unitary Wind Tunnel Plan Act of 1949 (50 U.S.Cl. 511-615)
is amended (1) by strikfng out “The National Advisory Committee for
Aeronautics (hereinafter referred to as the ‘Committee’)” and inserting in
lieu thereof ‘me Administrator of the National Aeronaut&s and Space
Administration (hereinafter referred to as the ‘Administrator’)”; (2) by
striking out “Committee” or “Committee’s” wherever they appear and
inserting in lieu thereof “A dminktrator” and “Adminlatrator%”, respec-
tively; and (3) by striking out “its” wherever it appears and inserting in
lieu thereof ‘Ids”.

(e) This section shall take effec~nine@ days after the date of the en-
actment of this Acb or on any earlier date on which tbe Administrator shall
determin~ and annonnce by proclamation published in the Federal Register,
that the Administration has been organized and is prepared to dischrmge
the duties and exercise the powers conferred upon it by this AcL

‘rBANSm OFBm.xrEn mcrroNs

SEC.302. (a) Subject to the provisions of thfE section, tbe Presiden~ for
a period of four years after the date of enactment of this Act may transfer
to the Administration any fonctions (including powers, duties, activitle&
facilkiq and parta of functions) of any other department or agency of the

Urdted States, or of any officer or organizational entity thereo~ which relate
prhnari@ to the fnnction~ powers, and duties of the Administration as pre-
scribed by section 203 of this AcL In connection with any snch transfer,
the Prealdent may, under this section or other applicable authority, provide
for appropriate transfers of records, property, civilian personn~ and funds

(b) Whenever any snch transfer is made before January ~ 1959, the
President shall transmit to the Speaker of the House of Representatives and
the President pro tempore of the Senate a full and complete report con-
cerning the nature and efPectof snch transfer.

(c) After December 31, 195S, no transfer, shall be made under this section
until (1) a full and complete re~rt cormb-ning the natnre and effect of
such proposed transfer has been transmitted by the President to the Con-
gress, md (2) the drst period-of sixty calendar days of regular session of
the Congress following the date of receipt of such report by the Congress
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has expired without the adoption by the Oongress of a concurrent resolution

stating that the Oongress does not favor such transfer.

ACCESSTO ~OEA(~mOl?

SEO.303. Information obtained or developed by the Administrator in the
pe~formance of his functions under this Act shail be made available for
public inspection, except (A) information authorized or required by Fed-
eral statute to be withheld, and (B) information clamiWd to protect the
national security: Provtd8@, That nothing in this Act shali authorize the
withholding of information by the Adminishator from the duly authorized
committees of the Congress.

Slxmnrm

SEO.304. (a) The Administrator shall eetabiish such security reqnir~
menb, restrictions, and safeguards as he deems necessary in the interest
of the national security. The Administrator may arrange with the ‘Oivil
Service Commission for the conduct of such security or other personnel
investigations of the Administration’s odicers, employees, and consultants,
and its contractors and subcontractors and their offlcera and employees,
actual or proepectivq as he deems appropriate; and if any such investiga-
tion develops any data reflecting that the individual who is the subject
thereof is of questionable loyalty the matter shall be referred to the Federal
Bureau of Investigation for the conduct of a full field investigation, the
results of which ahaii be furnished to the Administrator.

(b) The Atomic Energy Commission may authorize any of its employees,
or employees of any contractor, prospective contractor, iicenseq or prospec-
tive licensee of the Atomic Energy Comm@ion or any other person au-
thorized to have access to Restricted Data by the Atomic 13nergy Commis-
sion under subsection 143 b. of the Atomic Elnergy Act of 1954 (42 U.S.O.
2106 (b) ), to permit any member, ofiicer, or employee of the Coun@ or the
Administrator, or any officer, employ% member of an adviso~ commi-
contractor, subconhactor, or otlicer or employee of a contractor or subcon-
tractor of the Administration, to have accws to Restricted Data relating to
aeronautical and space activities which is required in the performance of
his duties and so certified by the Councii or the Administrator, as the case
may bq but only if (1) the Councii or Administrator or designee thereof
has determined, in accordance with the established personnel security pro-
cedures and standards of the Council or Administration, that permitting
such individual to have access to such Reatiicted Data wiii not endanger
the common defense and .securf@, and (2) the Camcii or Administrator or
designee thereof tlnda that the established personnel Wd other security
procedures and standards of the Council or Adminishation are adequate
and in reasonable conformi~ to the standards established by the Atomic
Energy Commission under section 143 of the Atomic Rtnergy Act of 1954
(42 U.S.O. 21t35). Any individual granted accew to such Restricted Data
pursuant to this subsection may exchange such Data with any individual
who (A) is an odicer or employee of the Department of Defensq or any de
partment or agency thereof, or a member of the armed forces, or a contractor
or subcontractor of any such deparb.nen~ agency, or armed forc~ or an
ofticer or employee of any such contractor or subcontractor, and (B) has been
authorized to have access to Rcxtricted Data under the provisions of section
143 of the Atomic Energy Act of 1954 (42 U.S.O. 2103).

(c) Chapter 37 of title 18 of the United States Code (entitled Espionage
and Censorship) is amended by—

(1) adding at the end thereof the foiiowing new section:

“S 799. Violation of regulations of National Aeronautics and Space Admin-
ishation

‘Whoever wilifuliy shali viola% attempt to violate or conspire to violate
any regulation or order promulgated by the Administrator of the National
Aeronaut&s and Space Administration for ffie protection or security of any

‘ laboratory, station, base or other facility, or part thereofi or any aircraf~
missiie, spacecraft or similar -mhid% or part thereof, or other property or
equipment in the custody of the Adminidr atio~ or any real or personal
property or equipment in the custody of any contractor under any contract
with the Administration or any subcontractor of any such contractor, shali
be fined not more than $6,000, or imprisoned not more than one year, or both.”

Ee@rementR

72 Stiit 433.
72 Stat. 484.

Referral to F.E.I.

Access to AEC
restricted data.

68 stat 942.

68 Stat. 942.

Esplomwge and
Cknsorahi
62 Stat 7!k73S :
66 StaL 719.
$suu::91-79s.

Penalty.



. . —. ——.— .. . —. —_____ ._ . . ——-——

112 REPORT NATIONAL ADVISORY COMMiTTE E FOR AERONAUTICS

(2) adding at the end of the sectional analysis thereof the foilowlng
new item:

72 stat 424.
72 8taL 4S5.

“799. Violation of -tions of National Aeronautics and Space Adminis-
tration.”

(d) Section 1114 of title 18 of the United Statea Code is amended by in-
serting immediately before %vhile engaged in the performance of his offi-

Protection of
us. Om- cial dntiea” the following: “or any ollker or employee of the National Aero-

nautics and Space Adminisba
%13k:p%6-

tion directed to guard and protect property
of the United Statea under the adminktm tion and control of the National
Aeronautics and Space Adminbtratlon:’.

Permfnaionto
ue4flrearnw (e) The Administrator may dtrect sack of the ofiicere and employees

of the Administration as he deems necewary in the pubilc interest to carry
tiearras while in the conduct of thdr ofilcial duties The Adminktr ator may
also authorise fich of those employees of the contractors and sabcontmctors

of the Administration engaged in the protwtion of propeti owned by the
United States ahd located affacilitlea owned by or contracted to the United
States as he deems necessary in the public interestj to carry firearms while
tn the conduct of their ollidai dutim

PBOPEEI’Y EIGHTS IN INVENTIONS

SEC 803. (a) Whenever any invention is made in the performance of
any work under any contract of the Admtnistratlon, and the Administrator
determb.ws tha~

(1) the person who made the invention was employed or assigned
to perform research, developmen~ or exploration work and the invention

is related to the work he was employed or assigned to perform, or

that it was within the scope of his employment duties, whether or not

it was made during working ho= or with a contribution by the
Government of the use of Government fadlities, equipmen~ materials,

allocated fands, information proprietary to the Governmen& or services
of Government employees during working hours; or

(2) the person who made the iriventton was not employed or assigned
to perform r~, developmen~ or exploration work but the invention
is nevertlmkw related to the contrac$ or to the work or duties he was

Contxact
prm-lsion.

Patent
aDpllcatfom

employed or assigned to perform, and was made during working hears,
or with a contribution from the Clovernment of the sort referred to
in clanse (1),

sack invention shall be the exclusive property of the United States, and if
sack invention h pabtable a patent therefor shall be issued to the United
Stateaupon applicationmadeby the Adminktrator,unlessthe Adminis-
tratorwaiveaall or any part of the rightsof the lJrdtedStatesto such
inventionin conformitywiththeprovisionsof subsection(f) of thissection.

(b) Eachcontractenteredintoby theAdmlrdatratorwithanypartyfor
the performance of any work shall contain effective pkvistona under which
sack party shall fnrnish promptly to the Administrator a written report
containing fall and complete technical information concerning any invention,
discovery, irnprovemen~ or innovation which may be made in the per-
formance of any such work.

(c) No patent may be issued to any applicant other than the Adminis-
trator for any invention which appears to the Commissioner of Patents to
have rdgnidcant utility in the conduct of aeronautical and space activities
nnlesa the appltcant ffleg with the Oommiseioner, with the appllcat30n or
within thirty days after request therefor by the Ckxamtssioner, a written
statement executed under Oath setting forth the ti facts Concerning the
circumstances nnder which sack invention was made and stating the rela-
tionship (if any) of sack invention to the performamw of any work under
any contract of the Admidstm tion. Clopies of each sack statement and the
application to which it relates shall be transmitted forthwith by the Com-
missioner to the Administrator.

(d) Upon any application as to whkh any such statement has been trans-
mitted to the Administrator, the Cmnmtmdoner may, if the fnvention is
patentabl~ he a patent to the applicant unles the Administrator, within

72 stat. 4a5. ninety days after recdpt of mch application and statemen~ requests that
72 stat. 436. . sack patent be issued to him on behalf of the United Sta- If, within
Board of Patent
Interfarencea.

such time the A~ tor files such a request with the Commimioner, the
Commissioner shall transmit notice thereof to the applican~ and shall 5aeue—
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such patent to the Administrator unless the applicant within thirty days
after receipt of such notice requests a heaxing before a Board of Patent
Interferences on the question whether the Administrator is entitled under
this section to receive such patenk The Board may hear and determin~ in
accordance with rules and procedures established for interference c- the
question w presented+ and i~- determination shall be subject to a~peal by
the applicant or by the Administrator to the Court of Customs and Patent
Appeals in accordance with procedures governing appeals from decisions
of the Board of Patent Interfemncex In other proceedings.

(e) Whenever any patent haE been iwmed to any applicant in conformity
with subswtion (d), and the Administrator thereafter has reason to be-
lieve that the statement ffled by the applicant in connection therewith con-
tnined any false reprwentation of any material fac~ the Administrator with-
in five years after the date or issuance of such patent may ille with the
Commiaaioner a requwt for the transfer to the AdminMra tor of title to
such patent on the records of the CanrnhMon. Notice of any sucl request
shall be transmitted by the Commissioner to the owner of record of such
pnten~ and title to such patent shall be so transferred to the Adminishator
unless within thirty days after receipt of such notice such owner of record
requests a hearing before a Board of Patent Interferences on the question
‘whether any such false ,representation was contained in such statement
Such question shall be heard and determined, and determination thereof
shall be subject to review, in the manner prescribed by subsection (d) for
questions arising thereunder. No request made by the AdminMrator under
this snbsectton for the transfer of title to any paten~ and no prosecution
for the yiolation of any miminal statute shall be barred by any failure of the
Administrator to make a request under subsection (d) for the issuance of
such patent to him, or by any notice previously given by the AdminMrator
stating that he had no objectton to the issuance of such patent to the
applicant therefor.

(f) Under such regulation in conformib with this subsection ss the
Administrator shall prescrib~ he may waive all ok any part of the rights of
the United Stak under this section with respect to any invention or class
of inventions made or which may be made by any person or clam
of persons tn the performance of any work required by any contract
of the Administration if the AdmtnMra tor determimw that the interests
of the United States will be served thereby. Any such waiver may be
made upon such terms and under such conditions as the Admln&tmtor
shall determine to be required for the protection of the intemfh of the
United States. Each such waiver made with reaped to any invention shall
be subject to the reservation by the Administrator of an irrevocable, non-
excluaivq nontransferable, royal@&ree license for the practice of such
@vention throughout the world by or on behalf of the United States or any
foreign government pnrsuant to any treaty or agreement with the United
States. E&h proposal for any waiver under this subsection shall be
referred to an Inventions and Ckmtributions Board which shall be estab-
lished by the Administrator within the Administration. Such Board shall
accord to each interested party an opportunity for hearing, and shall
transmit to the Administrator its findings ofi fact with respect to such
proposal and its recommendations for action to be taken with rwpect thereto.

(g) The Administrator” shall determin% and promulgate regulations
~g, me @MIM ~d condltio~ upon which Mcenses will be granted by
the Admlrdstration for the practim by any person (other than an agency
of the Urdted Statea) of any invention for which the Administrator holds
a patent on behalf of the United States.

(h) The Administrator is authorized to take all suitable and necasnry
steps to protect any invention or discovery to which he has title and to
reqnfre that contractors or persons who retain title to inventions or dis-
coveries under this section protect the inventions or discoveries to which
the Adroinish’ation has or may acquire a license of use.

(i) The Administration shall he considered a defense agency of the
untted States for the PnrPose of chapter 17 of title 35 of the United States
coda

(j) Asn8edtiwsecHo*
(1) the terra -on” means any jndividua~ partnership, corpora-

tion, association, institntio~ or other entity;

waker.

Inventions and
Contributions
Baard.

Llccnse
regnlatlons.

72 SinL 486.
72 Stit. 437.

Protection
of tltw

Defensaa
66 stat. 8@wi8.

Deflnltiona.
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(2) the term “conhact” means any actual or proposed contrac~
agreemen~ understanding, or other arrangement and includm any
assignmen~ substitution of parties, or subcontract executed or entered
into theremder; and

(3) the term ‘bade”, when used hi’ relation to any tnventlon, means
the conception or fist actual reduction to practtce of snch tnvention.

CO~~O~S A~AERS

Sw. 300. (a) Subject to the provisions of this section, the Administrator
is authorize& upon his own initiative or upon application of any person, to
make a monetary award, in such amount and upon such terms as he shall
determine to be warranted, to any person (as defined by section 305) for
any scientific or technical contribution to the Admtnisbatlon which is
determined by the Administrator to have signidcant value in the conduct of
aeronautical and space activities. Each application made for any snch
award shall be referred to the Inventions and Contributions Board estab-
lished under section S05 of this AcL Such Board shall accord to each such
appltcant an opportunt~ for hearing upon such application, and shall
transmit to the Administrator its recommendation as to the terms of the
award, if any, to be made to sach appltcant for such contribution. In deter-
mining the terms and conditions of any award the Administrator shall
take into account—

(1) the value of the contribution to the Untted Statea;
(2) the aggregate amount of any sums which have been expended

by the applicant for the de~elopment of such contribution;
(3) the amount of any compensation (other than salary received

for services rendered as an ollicer or employee of the Government)
previously received by the appltcant for or on account of the use of such
contribution by the Untted States; and

(4) such other factors as the Administrator shall determine to be
material

(b) If more than one applicant under subsection (a) claims an interest
in the same contribution, the Administrator shall ascertain and determine
the rtxqywtive interests of such applicants, and shall apportion any avrard
to be made with respect to such contribution among such applicants in sach
proportions as he shall determine to be equitable. No award may be made .
under subsection (a) with respect to any contributlon—

(1) unless the applicant surrenders, by each means as the Adminis-
trator shall determine to be effecth~ all claims which such applicant
may have to receive any compensation (other than the award made
under this section) for the use of such contribution or any element
thereof at any thne by or on behalf of the United States, or by or on ‘
behalf of any foreign government pursuant to any treaty or agreement
with the United States, within the United Statw or at any other place;

(2) in any amount emeedfng $lCO,OOOIunless the Administrator has
transmitted to the appropriate coromi- of the Congrww a full and
complete report concerning the amount and terms ofi and the basis for,
such proposed awar~ and thtrty calendar days of regular session of
the Congress have expired after receipt of such report by such
committees

APPaoPl+rATIorw

SEC.S07. (a) There are hereby authorized to be a~propriated such sums
as may be necessary to carry out this Act except that nothing in this Act
shall authorise the appropriation of any amount for (1) the acquisition
or condemnation of any real property, or (2) any other item of a capital
natmre (snch as plant or facility acquisition, construction, or expansion)
which txceeds $250,000. Sums appropriated pursuant to thts subsection for
the construction of facilities, or for research and development activities,
shall remain available unffl espended.

(b) Any funds appropriated for the construction of facilities maybe used
for emergency repairs of existing facilities when snch existing facilltks
are made inoperative by major breakdown, acciden~ or other circumstances
and snch repatrs are deemed by the Administrator to be of greater urgency
than the construction of new facilities.

Approved July 20,1973.



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 115

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Washington, D. C.

A PROCLAMATION ‘

1. By virtue of the authori~ vested in me by the National Aero-

nautics and Space Act of 1958 (Public Law 85-568, approved July 29, 1958,

72 Stat. 426, 433) I hereby proclaim that as of the close of business
September 30, 1958, the National Aeronautics and Space Administration

has been organized ~d is prepared to discharge the duties and exercise

the powers conferred upon it by said law

2. In accordance with the provisions of the Act, all functions,
powers, duties, and obligations, md all real and psrsonal properu,
personnel (other than members of the Committee), funds, and records
of the National Advisory Committee for Aeronautics are hereby trans-
ferred to the National Aeronautics and Space AdrnMstration,

3. The existing National Advisory Committee for Aeronautics
Committees on Aircraft, Missile and Spacecraft Aerodynamics; Air-
craft, Missile and Spacecraft Propulsion; @rcraft, Missile and Space-
craft Construction; Aircmft Operating Problems; the kdustry Consulting
Committee; and the Special Committee on Space Technolcqy and their
subcommittees are hereby reconstituted advisory committees to the
Administration through December 31, 1958, for the purpose of bringing
their current work to an orderly completion.

4. Etisting policies, regulations; authorities, and procedual
instructions governing the activities of the National Advisory Committee
for Aeronautics, not inconsistent with law, and w~ch are applicable to
the activities of the National Aeronautics and Space Administration,
shall be continued in effect until superseded or revoked.

5. The Langley Aeronautical Laboratory, the Ames Aeronautical
Laboratory, and the Lewis Flight Propulsion Laboratory are hereby re-
named the Langley Research Center, the Ames Research Center, and
the Lewis Research Center, respectively.

DONE at the City of lWashington, District of Columbia this 25th
day of September in the year Nineteen Hundred and Fifty-Eight.

*W

?.
T. Kei ennan

A “ s rator




